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The constant progress made in every department of 
physical science, is a sufficient apology for the prepara- 
tion and publication o£ a n^w elementary text-book on 
Natural Philosophy., 

The principles of physical science are so intimately 
connected with the arts and occupations of e very-day 
life, with our very existence and continuance as sentient 
beings, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
Author has endeavored to. render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
.tipns c^nd examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com-^ 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 

What is Nat- 1- NATURAL PHILOSOPHY, OF PhYSICS, is that 

pS?^"^°~' department of science which treats of all those 
phenomena observed in masses of matter, in 
which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
Slmirtryf thoso phenomcoa observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of tho 
matter itself, and not merely a change of place. 

3. A falling body, tho motion of our limbs 
Si^iM " t£ ^' ^^ machinery, the flow of liquids, the occur- 
fctwS^ PM- rence of sound, tho changes occasioned by the 
bsophyf action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural Phflosophy, to conceive or 
imagine any thing, for the truths of all its laws and principles may be proved 
by direct observation, — that is, by the use of our senses. When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond th*» limits of Natural Philosophy, and entered upon the applica- 
tion of the laws of mind or of mathematics to the principles of Natural Philos- 
ophy, Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinctioa to the truths 
and operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hands, or move a heavy body by a 
lever, we are enabled to see exactly how the different substances come in 

1* 
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contact, how they press upon one another, and how the power is transmitted 
from one point to another : these are experiments in Natural Philosophy, in 
which every pai't ot the operation is clear to our senses. But when we mix 
alcohol and water together, or bum a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no direct information of 
the manner in which one particle of alcohol acts upon another particle of 
water, or how the oxygen of the au: acts upon the coal. These are experi- 
ments in Chemistry,, ia which we can not perceive every part of tho.operation 
by means of our seuses, but only the results. Had there been but one kind 
of substance or matter in the universe, the laws of Natural Philosophy would 
have explained all the phanomena or changes which could possibly take 
place ; and as the character, or composition of this one substance, could not be 
changed by the action of any different substance upon it, there could be no 
such department of knowledge as Chemistry. 

4, The term Physics is often used instead 
iS^he "^ of the term Natural Philosophy, both having 
Phyrics? tjjQ game general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena/' and '' Physical Theories/' 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

5. A Physical Law is the constant relation 
PhyricJiLaifB which cxlsts between any phenomenon and its 

cause. A Physical Theory is an exposition 
of all the laws which relate to a particular class of. 
phenomena. 

Thus, when we speak of the "theory" of heat, or of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electridty; but when we use the expression a "Jaw" of heat, of light, or of 
electricity, we have reference to a particular department of the iKliole siAJcct 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIES. 

1. Matter is the general name which has 
wiiaUs^Mat- Y)eQjx given to that substance which, under an 

infinite variety of forms, affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness, 
floir do we ^' ^^ ^^ ^°^y through the agency of our five 
SSgc^iT semises (hearing, seeing, smelling, tasting, and 

feeling), that we are enabled to know that any 
matter exists. A person deprived of all sensation, could 
not be conscious that he had any material existence. 
What is a ^^ -^ BODY is any distinct portion of matter 

body? existing in space. 
What are the ^' "^^^ properties, or the qualities of matter, 
m?tt»?^ ^' *^ *^® powers belonging to it, which are capa-^ 

ble of exciting in our mind certain sensations. 

It is 0DI7 through the different seDsations which different substances ex- 
cite in our minds, or, in other words, it is by means of their different 
properties, tliat we are enabled to distinguish one form or ranety of matter 
from another. 

The forms and oombinaiions of matter seen in the animal, vegetable, and 
muieral kingdoms of nature^ are numberless, yet they are all oomposed of 
a very few simple substances or elements. 

whatisarim- ^' ^7 ^ simplc substauco we mean one 
piesabBtanoe? which has ucvcr bccu derived from, or sepa- 
rated into any other kind of matter. 

* Gold, silyer, iron, oxygen, and hydrogen, are examples of simple sub* 
stances or elements, because we are unable to decompose them, convert 
them into, or create them from, other bodies. 

What is the ^- "^^^ number of the elements or simple 
SSiSto/*^* substAnces with which we are at present ac- 
quainted, is sixty-two. 
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7. These Bubstances are not all equally 
^^ti*?**" distributed over the surface of the earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten tr twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

All the different forms and varieties of matter are in some respects alike 
—that is, they all possess certain general properties. Some of these prop- 
erties are essential to the very existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it sliould occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
3!^*i^ort- the general properties of matter — Magnitude 
SfSS?**" or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 
destructibility. 

9. By Magnitude we mean the property 
^''"^idef'*^ of occupying space. * We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SUBFAGE8 of a body are the external limits of its magnitude; the 
SIZE of a body is the quantity of space it occupies ; the absa of a body 
is its quantity, or extent of sur&ce. 

The FiGUBE of a body is its form or shape, as expressed by its bound- 
aries or terminating extremities. The yoluhe of a body is the quantity of 
space included witliin its external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies haymg yery different 
dgures may have the same volume, or bodies of the same. figure may have 
very different volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
m&y have the same volume, that is, may contain the same amoimt of matter 
within their sur&cea, but possess very different figures. 

10. By Impenetrability we mean that 
JS?te»biu^f property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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Tbere are many instances of apparent penetration of matter, but in all of 
them the particles of the body which seem to be penetrated are merely 
displaced. When a nail is driven into a piece of wood, the particles of 
wood are not penetrated, but merely displaced. If a needle be plunged into 
a vessel of water, all the water ^hich previously filled the space into which 
it entered, will be displaced, and the level of the water in the vessel will rise 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or displace them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre* 
vent the water from rising in the glass — and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water imtll 
the air is removed from it. 

11. By Divisibility we mean tbat property 
^^wiity?'" which matter possesses of being divided, or 

separated into parts. 

It has until quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit So far as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
fueling, of taste, or of smell, so long we can continue to divide it Beyond 
this our senses give us no information. But the recent discoveries and inves* 
tigations in chemistry, have proved beyond a doubt, that all bodies are ultl* 
mately composed of exceedmgly minute particles, which can not be subdl* 
vided. 

12. To such an ultimate portion of matter 
^^tomf *° ^^ ^® °^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 
which*matter ^^ *^® senses is most wonderfiiL 

can be divid- A grain of musk has been kept fireely exposed to the air of 
•^ a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that time the particle was found not to have greatly, 
duninished in weight During all this period, every particle of the atmos- 
phere which produced the sense of odor must have contained a certam quan- 
tity of musk. 

In the manufacture of silver-jdlt wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the '720,000th part of 
an ounce. The manu&cturers know this to be a feet, and regulate the price 
of their wire accordmgly. But if the gold which covers one foot is the 
720,000th part of an ounce, the gold on an inch of the same wire will be only 
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Dm 9,640,000th part of an ounce. We maf divide this inch into one faondred 
pieces, and yet see each piece distinctly without the aid of a micioacopo: in 
Other words, we see the 864,000,Q00th part of an ounce. If we now use • 
microscope, magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, tech of which parts will be found 
to have all the characters and qualities which are found in the largest masses 
ofgold« 

• Some years since, a distinguished English chemist made a series of experi* 
ments to determine how small a quantity of matter could be rendered visible 
to the eye, and by selecting a peculiar chemicai compound, small portions of 
which were easily discernible, he came to the conclusion that he could di»> 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdividon of mat* 
ter, let us consider what a billion i& We may say a billion is a^ million of 
miliions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
in a minute, and work without intermission twelve hours in a day, be would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. Ther3 are living creatures so mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are kist to the sense of sight, 
aided by the most powerful instiuments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied witli organs, and these organs must consist of parts correspond- 
ing to those in larger ammals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms, 
we must not speak of billions, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it.* 

13. We use the term Molecules, or Par- 
^S!*S?ftS5Sl TiCLES of matter to designate very small quan- 
des of Matter? ^^j^g ^^ ^ substaiice, Dot meaning, however, tho 
ultimate atoms. A molecule, or particle of matter may 
be supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
whatwePores ^q^^^j^ qj. -^ j^ actual coutact with each other, 

and the openings or spaces which exist between them are 
called Pores. This property of bodies, according to which 
their atoms are thus separated by vacant places^ 
^^^r™^ we caU PoROSiTT. 

« The bOlion i« here ued Mpording to the EngUih notation.— FVds F«Mv. 
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;What is the 
eyidenc6 of 
the existence 
of Pores ia 
W matted? 



.P10' 1. ^ If we Buppose the atoms ^f matter to- consist of- 

minute spheres or globes, it is obvious that it will be 
impossible for them to come into perfect contact at 
all points: so that there must be small spaces be- 
tween them, where they do not touch each other. 
Fig. 1 represents the manner in which we may im- 
^ne a collection of such atoms to be arranged to 
form a crystal, i 

15. The reasons for believing that the 
atoms or particles of matter do not ac- 
tually touch each other, are, that every 
form of matter, so far as we arc ac- 
quainted with it, can hy pressure bo 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other^ no such movements could 
take place. 

The porosity of bodies is sometimes illustrated and explained 
What is gen- by reference to a sponge, which allows the cavities which per- 
the"terai vade it to be filled with water, or some other fluid. Such an 
illustration is not strictly correct. The cavities of a sponge are 
not really its pores^ any more than the cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in the 'substance of a 
liody,' which are sufficiently large to admit of the pass^o of fluids like water, 
and gases likd air. 

Several very important properties of matter are dependent on porosity ; or, 
In other words, they owe their existence to the fact, that the particles of mat- 
ter do not actually touch each other. The principal of these are Density, 
CoMPRESSimLiTT, and Expaksibilitt. These properties of matter belong to 
all bodies, but not to all alike. 

16. By Density we mean the proportion 

WhaUsDanB- ^^jj^jjj exists bctweeu the quantity of matter 

contained in a body and its magnitude, or size. 

Thus^ if of two substances, one contains twice as much 



by the term 
Pores? 
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matter in a giren space as the other^ it is said to be twice 
as dense. 

Tliere is a direct oonnection between the dena^ of a body and its porosity. 
A body will be more or lees dense, according as its particles are arranged 
closely together, or are separated from each other; and hence it is dear, thai 
the greater the density the less tho poro^ty^ and the greater the porosity tbo 
less the density. 

17. If tbo particles of a body do sot toncii each other, then, if it is subjected 
to pressure, they may be £aced nearer, and made to occupy less space. 

This we find to ba the fiict All matter may be compressed. The most 
solid stone, ^dien loaded with a considerable weight, is found to bo com- 
pressed. The foundations of buildings, and the columns which sustain great 
weights in architecture, are proofi of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great compression. Water, and all liquids, are much less easily compressed 
than either sohd or gaseous bodies. 

18. By Compressibility, therefore, we mean 
^rMribm^' that property of matter in virtue ojf which a 

body allows its volume or size to be diminished, 
without diminishing the number of the atoms or particles 
of which, it is composed. 

19. Again, if the particles of matter of which 
JSriwiit^?" a body is composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

AU bodies, when submitted to tho action of boat, expand, and 
Illustrations occupy a larger space than before. To this increase in dimen- 
^tj? ' sions there is no limit Water, when sufficiently heated, passes 
into steam, and the hotter the steam the greater the e^>ace it 
win occupy. All bodies, if suljected to a sufficient degree of heat, will pasi 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inrrtia signifies the total absence in a 
^rti!??^°" body of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest The motion, or cessation of 
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motion in a^body, requires a power to exist independent 
of itself. 

It is obvious, from the definition given, that when a body is once put in 
motion, its inertia will cause it to continue to move until its movement is do- 
Btrojed, or stopped, by some other force. 

- A ball fired from a cannon would move on forever, wero it not for the re- 
sistance or friction of tho air, and the attraction of the earth. 

21. By Friction, we mean the resistance 
^^oaf^*^ which a moving body meets with from iLa 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and unevenness of tlie surface. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If irictiou, tho attraction of tho earth, and the resistance of the air, were cn- 
trely removed, the marble would move on fjrevcr. 

Owing to the property of inertia, or the indifierence of mat- 
What are Ex- ter to chango its state, we find it diflBcult, in runnmg, to stop 
JJ^y* ® ^' all at once. Tho body tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by ruonmg a short distance when we wish to leap over a ditch 
or chasm, in order tliat the tendency to move on, which we acquire by run- 
ning, may help us in tho jump. JTor tho same reason, a running-leap is al- 
tvays longer than a standing one. 

Many of the most frightful railroad accidents which have happened, arc duo 
to the laws of inertia. Tho locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, contuiuo to move, and in conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage of to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. This heavy wheel, 
when once set in motion, revolves with great force, and it& inertia causes it 
to move after the force which has been imparted to it has ceased to act A 
water-wheel or a steam-engine rarely moves perfectiy uniformly, but as it is 
not easy, on the instant, either to check or increase the movement of tho 
heavy wheel, its motion is steady, and causes the machinery to which it la 
attached to work smoothly and without jerking, even if the action of the driv- 
ing fbroe be less at one moment than at another. 

22. Attraction is that tendency which all 
^'^tiLa^** the particles of matter in the universe have to 

approach to each other.* 

* As Attraction, in its varioas forms and relations to matter, is so comprehensiTe u4 
Importsnt, it is treated separately in advance. 
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The force which holds the 'particles 6f a^ton^' a pieSse of 
What are Ex- wood, or metal together, the faUing of a body to the earth, the 
£S2£^^ tendency which a piece of iron or steel has to adhere to a mag- 

net, are all familiar examples of the dififerent forms of attraction. 

23. All the researches and investigations of 
dUteSSweV i^iodern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
^roy a single particle of matter. The power to create 
find destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

' When a body is consumed by fire, there is no destraction of matter: it 
has only changed its form and position. When an animal or vegetable dies 
and decays, the original form vanishes, but the partides of matter, of which it 
was once composed, have merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUE8TI0KS OK THE PROPERTIES OF MATTER. 

1. Why will water, or any other liquid, when ponred into a tunnel closely inaerted into 
the mouth of a bottte, run oTer the sides of the bottle ? 

Because the bottle is filled with air, which, having no means of escape^ 
prevents the water from entering, since no two bodies can occupy the same 
space at the same time. I^ however, the tunnel be lifted from the bottle a 
little, so as to afford the air an opportunity to escape, the water will then 
flow into the bottle ui an uninterrupted stream. 

2. Are the pores of a body entirelj empty, vacant spaces? 

The pores of a body are often filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body bemg surrounded by the atmosphere, the air will enter and fill its pores. 

3. When a sponge is placed in water, that liquid appears to penetrate it. Does the water 
ireally enter the solid particles of the spongeY 

It does not; it only enters the poreSf or vacant spaces between the par** 
tides. 

4. When we plunge the hand into a mass of sand, do we vsunenjAm the sand f 
We do not ; we only displace the particles. 

5. Whj do bubbles bibb to the surface when a piece of sugar, wood, or chalk is plunged 
underwater? ;- 

Because the cdr previoi^sly existing in the pores becomes displaced by the 
water^ and rises to the sunsbce as bubbles. 

6. What occasions the vs^mxQ of wood or coal when laid upon the Are ? 
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' Becsase the air or liquid contamed ki tbe pores f)ecoine9^rpaxided b j heftt^ 
and bursts the covering in which it is confined. 

7. Why does light, foooxtb wood, like diestnnt or pine, make more napping In burn- 
ing than anj othes kind ? 

• Because the pores are very Jarge^ and contain more atr than wood of a closer 
graiuy like oak, etc. 

8. Hoir is vater, or any other Squid, made fubb by filtering fhrongli paper, doth, a 
layer of sand, rock, etc? 

^ The process of filtration depends on the presence of pores in the substance 
tsed as a filter, of such magnitude as to allow the particles of liquid to pass 
finely, but not the particles of the matter contained in it, which we wish to 
separate. 

9. Why is not the substance suitable for the filtration of oke liquid equally adapted for 
the filtration of all liquids ? 

Because the magnitude of the pores in different substances and of the im- 
purities in liquids is different ; and no substance can be separated fix>m a 
fiquid by filtratl(»i, except one whose particles are larger than those of the 
liquid. 

. 10. Gold and lead are metals of great density ; their pores are not visible. Is there any 
moor of their existence beside the fact that they can be compressed ? 

, Water can be forced mechanicalty through a plate of lead or gold without" 
rupturing any portion of the metaL Mercury, or quicksilver, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, which furnished a striking illustration of the porosity (k so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly closed. The globe was then submitted to a very 
severe pressure, by which its figure was slightly changed. Now, it is proved 
fii geometry, that a globe has this peculiar property — ^that any change what- 
ever in its figure necessarily diminishes its volume, or capacity. The result 
was, that the water oozed through the pores, and covered the surface of the 
globe, presenting the appearance of dew, or steam cooled by the metaL This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

IL When a oabbiaob is in motion, drawn by hobses, irhy isthe same exertion of power 
in the horses required to stop n, as would be necessary to uack it, if it were at rest f 

Because, according to the laws of inertia, the force required to destroy mo- 
tion in one direction is equal to that required to produce as muck motion in the 
opposite direction. 

12. If a carriage, railroad-ear, or boat, morlng with speed, be suddenly g ' roypi.u or xb> 
TABDun, from any cause, why are the passengers, or the baggage carried, precipitated 
from their places in the DOUGonoir of ths xotiom ? 

Because, by reason of their tnerfta, they persevere in the motion which they 
shared in common with the body that traiisported th|m, and are not deprived 
of that motion by the same cause. 
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13. Why will a Fssaoir, leaping from a carriage in rapid motion, fall in tbe dlieekioa in 
which the carriage is moving at the uovknt his feet meet the ground ? 

Because his entire body, on quitting the vehicle and descending to the 
ground, retainff, by its ijieriia, the progressive motion which it lias in commoa 
with it. When his feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistanca of the earth, but 
the remainder of his body will retain it, and he will MX as if he were tripped. 

14. Why is a man standing cardeasly in the vtxaax of a boat liable to fall Into the water 
behind, when the boat begins to move t 

Because hiafeet are pulled forward while the inertia of his body keeps it 'li^ 
the same positicn, and, therefore, behind its support Eor a similar reason, 
whexi the ooat stops, the man is liabld to fall forward. 

15. When the sails of a ship are first spread to receire the fobox or zxpuue of the wind, 
why does uos ctie vessel Hoquire her fnil speed at once f 

Because it requires a little time for the impelling force to overcome the in- 
erlia of the niass oi the ship, or its disposition to remain at rest 

16. Wily, whe& tiie sails are taken in, docs the vessel continue to move for a consideimbiA 
thno? 

Because the inertia of the mass is opposed to a change of state, and the ves- 
sel will contmue to move until the resistance of the water overcomes the op- 
position. 

17 Why do we kick against the door-post to enAKE the enow or dust from oar snors? 

The forward motion of the foot is arrested by the impact against the post ; 
but this IS not the case with respect to the particles of dust or snow which 
are not attached to the fool^ and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly ofll 

18. Why do we bbat a coat or carpet to bzfxl the dastf 

The cause which arrests the motion imparted to the ooat or carpet by the 
blow does not arrest the partides of dust^ and their motion bemg coutinaed, 
tiiey fly ofL 



CHAPTER II. 

FORCE. 

23. Matter is coostantly changing its form 
su^uy^gl and place. The most solid substance will in 
*''*' time wear away. The air about us is never per- 

fectly still. We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. Tho 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 
_ . , ^ 24. As the cause of all the changes observed 

xo If IMS eanso * i . . * 

do ire attribute to take placc lu the material world, we admit 

the changes Ob. . *^ . ' 

■erred la mau the existeucc of certam forces, or agents, which 

govern and control all matter. 
What is 25. Force is whatever produces, or opposes 

Force/ x» • * . ^ ^i^ 

motion m matter. 
What Is Mo- 26. Mobility, cr tho susceptibility of mo- 
buity? ^Jqjj^ jg ^1j^|. property whereby a body admits 
of change of place. 

What are the 27. All thc great forces, or agents in nature, 
StSie?^^'' those which produce, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, tho At- 
tractive and Kbpulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called, Vital Force. 

Conoerning the real nature of these forces, wo aro entirely 
What do we ignorant \Ve sappose, or say, they exist, because wo seo 
nature of their effects upon matter. In the present state of science, it is 

these fo. Oct? impossible to know whether they are merely properties of 
matter, or whether they are forms of matter itseIC ezisdng in as 
exceedingly minute, subtile condition, without weight, and diffhsed through- 
out tho wbola nmveno^ Tho general ppinSoiv however, among ideDtlfiomex^ 
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at the present daj, is, that these foroea, or agents^ are not mattov bat prop- 
erties, or qualities, of matter. 

We see a stone &11 to the ground, and say that the cause of it is the at- 
traction of gravitation; — we observe an otrject at tf distance, and say that we 
see it through tiie action flight on the ^e ; — we notice a tree shattered by 
Ughtning, and say it is the effect of electricity ; — ^we observe an anunal or 
plant to grow and flourish, and iftscribe this to the action of the vital force. 
But if it is asked, What is the original cause of gravitation, light, electricity, 
and vital force ^-*the wisest man can give no satisfactory answer. If the 
Creator governs matter through the agency of instniments^ these forces may 
be called his agents^ or his instruments. 



CHAPTER III. 

INTBENAL. OB ICOLBOULAB FORCES. 

What is an 28. An Intebnal, or Molecular Force, is 
M^ur**' ^^® *^^* ^^ ^P^^ *^® particles of matter only 
Force? ^^ inscnsible distances. This variety of force 

differs from ell others in this respect. 
What is At- 29. The various changes which matter un- 
R^J^Mon*™* dergoes, render it certain that the atoms, or 
particles of all bodies are acted upon by two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Repulsion, 
both acting at insensible distances. 

Give an ex- ^ hlade of Steel, or a thin piece of wood, when bent within 
ample of At- a certain limit, will, when the restraint is removed, restore it- 
SS'aS^^t 1^ «elf to its original form. This takes place through the agency 
Insensible (Us- of an internal force, attracting the particles togethei^ and tend- 
^ ing to keep them in their original place. 

whatisEias- 30. ELASTICITY IS that property of matter 
*^*^' which disposes it to resume its original form 
end shape, after having been bent or compressed by some 
external force. 

- Elasticity, therefore, la not so mnch a dislsnct property of matter, as ii 
fisuaUy statedl, j^ it is a phenoBivenoiiqC attractive mid repulsive tos^ 
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Do an bodies ^ bodiee poesess the property of elasticity, Imt in rcrjr 
poasen eUts- different degrees. There are some m which the atoms, after 
^^ ' bending, or displacement, almost perfectly iesume their former 

position. Such bodies are especially termed elastic, as tempered steel, India- 
rubber, ivory, etc. Other bodies, like iron, lead, etc., are elastic m a limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, or permanent disarrangement. Putty, moibt clay, and similar bodies, 
possess a yezy slight degree of elasticity. 

31. If we compress a certain quantity of gas, as common 
wnSo*of re- *^*'» ^°<* ^^^^^ ^^^ ^* *o dilate, by removing all restraint, it 
pulsion acting wUl expand without limit, and fill every really empty space 
Ue*diaS^f" "^^^^^ JS open to it This takes place through the agency of 
an internal force which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat Gases may be considered as perfectly elastic. 

, ^ ^ 82. According as the attractive or repulsive 

In vhat three ^ ., °_ - -. •«• » 

forma or con- forces prcvau, all bodies Will assume one of 
all matter ex- three forms or conditions — the solid, the 
LIQUID, or the aeriform,* or gaseous con- 
dition, 
wiiatias 83. A SOLID body is one in which the par- 

^^*' tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure/ under 
all ordinary circumstances. 

What fa a 34. A LIQUID body is one in which the par- 

^•^^ tides of matter are so feebly attracted together, 
that they move upon each another with the greatest 
facility. 

Hence a liquid can never be made to assume any particular form, except 
that of the yessel in which it is mclosed. 

\^ ,, 35. An AERIFORM, or gaseous body is one 

What Isa , 1.1-1 .1 /» iiii 

Q^M in which the particles of matter are not held 

together by any force of attraction, but have a 
tendency to separate and move off from one another. 

_^^ A gaseous bo^y is generally invisible, and, like the air aur- 

properti?aoff POunding us, affords to the sense of touch no evidence of iti 

^^°« existence when in a state of complete repose. Gaseous bodies 

^ may be confined in vessel^ from whence they exclude liquids, 

• Aaifym^hKfiag the tomi, w ywe mUit iiePt of air. 
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or other bodies, thus demonstrating their existence, though inyisihle, and also 
their impenetrabilltj. 

36. Most substances can b3 made to assume 
circaraJaJces Bucccssively the form of a solid, a liquid, or a 
BSmJtheA>ra gas. lu solids, the attractive force is the 
LiqIiid,'*or' I Strongest ; the particles keep their places, and 
^"' the solid retains its form. But if we heat the 
BO-i J to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and wo 
say the l)ody melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy tho 
attractive force altogether, and the liquid changes to a 
gas, ill whioh the repulsive force prevails, and the particles 
tend to fly oflf i'rom each other. By the withdrawal of 
heat (i'. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomes a 
^Q' 2 . liquid, water; and this in turn, by the 

withdrawal cf an additional amount of 
heat, becomes a solid, ice. 

The power of the repulsive force is strik- 
ingly illustrated by the conversion of water 
into steam. In a cubic inch of water con- 
I yertsd into steam, the particles will repel 
' each other to such an extent, that the space 
occupied by the steam will be 1700 times 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difibrence 
bet-veen the bulk of steam and the bulk of 
water. 

37. The term Fluid is applied to those 
bodies whose particles move easily among 

themselves. It is used to designate cither liquids or 




What are the ^8. We distinguish FOUR kinds of molecular 
MoieSu?^ attraction, or attraction acting upon the par- 
ineoant tides of bodioB at insensible distances. These 
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« 

are, Cohesion, Adhesion, Capillary Attraction, and 

Affinity. 

,^ . . o 39. Cohesion, or Cohesive Attraction, is 

What 18 Co- t n i«ii«i /»» 

hedveAttrao. tiiat force which 010(18 together atoms of the 
same kind to form one uniform mass. 

The force which holds together the atoms of a mass of iron, wood, or stone, 
is cohesion, and the atoms are said to cohere to each other. 

What Is Ad- 40. Adhesion is that form of attraction 
hesion? which cxists bctwecn unlike atoms, or particles 
of matter, when in contact with each other. 

Dust floating in the air sticks to the wall or ceiling, through the force of 
adhesion. When we write on a wall with a piece of chalk, or charcoai, the 
particles, worn ol£ from the material, stick to the wall and leave a mark, 
through the force of adhesion. Two pieces of wood may be fastened together 
by means of glue, in consequence of the adhesive attraction between the par- 
ticles of the wood and the particles of glue. 

41. Capillary Attraction is that form of 
piiiaryAttrac- attraction which exists between a liquid and 
the interior of a solid, which is tubular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into' contact with 
water, the liquid, by capillaiy attraction, will rise, or soak up above its level, 
into the interior of the sponge, or sugar, until all its pores are filled.* 
What la Af- * 42. AFFINITY is that fotm of attraction which 

fiuity? unites atoms of unlike substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
Aflanity belongs wholly to Chemistry. 

How^ does the 43. The force, or strength of Cohesive At- 
rivrAtSc.** traction varies gi'eatly in different substances, 
don vary? accoidiug as the nature, form, and arrange- 
ment of the atoms of which they are composed vary. , 
44. These modifications of the force of A'- 
tics of'^bodies tractiou, actiug at insensible distances between 
variarton of the atoms of different substances, give rise to 
certain important properties in bodies, which 
.are designated under the names of Malleability, Dug- 

* Capillary Attraction is treated of more fully under the department of Hydrostatica 
and HydrauUcB. 

2 
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TiLiTT, Pliability, Flexibility, Tenacity, ITabdness, 
ami Brittlenkss. 

These are not, as is often tauglit, distinct, independent properties cf matter, 
like magnitude, porosity, inertia, etc., but modifications cf tlie force of attraction. 

wh-^tw Mai- 45. Malleability is that property ia virtue 
Lability? ^£ wliich a substance can be reduced to the 

form of thin leaves, or jJates, by hammering, or by means 

of the intense pressure of rollers. 
In malleable bodies, the atoms seem to cohere equally in \rhatcTer relativo 

situations they happen to bo, and therefore readily yield to force, and cbango 

their positions without fracture, almost like tlio atoms cf a fluid. 

Tlie property of malleability is possessed in llie most eminent 

^^•J**™ ®^" degree by the metals; gold, silver, iron, and copper being tho 

Malleability 7 most malleable. Gold may bo hammered to sucli a degree of 
thinness, as to require 360,000 leaves to equal an inch in 

thickness. 

What ia Due- 46. DucTiLiTY is that property in virtue 
tiiity? ^£ which a substance admits of being drawn 

into wire. 

We might supposo that ductility and malleability would belong to the samo 
substances, And to the same degree, but they do not. Tin and lead aro 
highly malleable, and aro capable of being reduced to extremely thin leaves, 
but they are not ductile, since they can not be dra^vn into fine wira. Somo 
substances are both ductile and malleable in tho highest degree. Gold has 
been drawn into wire so fine, that an ounce of it would extend fifty miles. 

What arc ^7. FLEXIBILITY and PLIABILITY are those 

fmi^puSL properties which permit considerable motion 
^^^ of tho particles of a body on each other, with- 

out breaking. 
What in Te- 48. TENACITY is that property in virtue of 

i^^^y^ which a body resists separation of its parts, by 
extension in the direction of its length, 
whati^ 49. Hardness is a property in virtue of 

uaxdneBs? -^vhich tho particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 
When is a 60. A body, whoso particles can be removed, 

^ ° and changed in position, by a slight degree of 

force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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Tho property of Hardness is quite distinct from Ddhsity. Grold and lead 
possess great density, yet they are among^ Iho softest of metals. 
What is Brit- 61. Brittleness is Q property in virtuc of 

ueness? which bodics are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, tjio attractive force between the atoms exists within such 
narrow limits, that a very slight change of position, or increase of distance 
limong them, is sufiBcient to overcome it, and the body breaks. 

52. The modifications of the force of cohesive attraction between the par- 
ticles of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and brittleness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of tho sub- 
stance, and the particular manner in which they are arranged. 

Every one knows that it is easier to split wood lengtliwiso than across the 
fibers ; hence, the force which buids tho particles of the wood together U ex-* 
orted in a less degree in one direction than in the other. 
Explain how ^^ c^^^^Si^S the form or arrangement of the atoms of a 
the force of substance, wo can in many instances apparently renew or do- 
pendB^n fho ®*">y ^^ various modifications of tho attractive force. The 
^rangement following is a familiar illustration of this principle : 

®* ™ Steel, when heated and suddenly cooled, is rendered not 

only very hard, but very brittle ; but if heated and cooled gradually, it be- 
comes soft and flexible. We may suppose that when the atoms of steel are 
expanded — ^forced apart from each other by tho action of heat, and then sud- 
denly caused to contract — forced in upon each other — ^by cooling, that no op- 
portunity is afforded them for aiTangcmcnt in a natural manner. But when 
tho steel is cooled slowly, each atom has an opportuiuty to take the place best 
adapted for it, without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or tho atoms wiil not admit of 
any motion among themselves without breaking; but according to a dlQcrent 
arrangement, the attractive force is modified, and tho steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may bo mado to fill 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that tlie same operation of heating and cool- 
ing suddenly, which hardens steel, should soften copper. A piece of steel which 
has been hardened in this way is not condensed — mado smaller — as we might 
have supposed it would be, but is actually expanded, or mado larger. This proves 
that the arrangement of the atoms, or particles, has been changed. Any ono 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardening it. It will then be 
found that the steel will not go into the guage, or between the fixed points. 

What Is An- 53. The process of rendering metals, glass, 
°^"°-^ etc., soft and flexible by heating nnl gradually 
cooling, is called Annealing, and is of groat importanco 
in the arts. 
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For cxa^nplo, tho workman, in &shioning and shaping a steel instramen^ 
requires it to bo soft and floziblo; but in using it ader it has been constructed, 
as for the cutting of stone, wood, etc., it is necessary that it should be hard. 
Tliis is accompl'-shed by making tho steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When win a 54. When we bend or compress a body so 
compV^d.**' that its particles are separated beyond a certain 
break? limited distancc, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, 
and the body falls apart, or breaks. 

55. When 1 he Attraction of Cohesion between 

CJan ire w- . t /» -. 

tSctteaSf TO*" particles of a substance is once destroyed, 

hesion when it is ffcnerally impossible to restore it. Hav- 

destroyed? . i i r J ^ i. 

mg once reduced a mass of wood or stone to 
powder, we can not make the minute particles cohere 
again by pushing them into their former position. 

In some instances, however, this can be accomplished by resorting to va- 
rious expedients. Tho particles of tho metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marblo, l£ud upon 
each other, unite together with such force, that it is impossible to separato 
them without breakage. In tho mano&cture of looking-glass plates, this at- 
traction between two smooth surfaces is particularly guarded against 

* There are maTij practical illTiatratioTis in the arts, of the principle, that the modifica- 
tions of the attraetlTO force which unites the atoms of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms themselves. If \re submit 
a piecQ of metal to repeated hammering, or jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the metnl gradaally loses all its te- 
nacity, flexibility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms Tcsaels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

A more important illustration, and one that more closely affects our interests, is the 
liability of railroad car-azles and wheels to break from tho samo cause. A car-azlc, after 
a long lapse of time and use, is almost certain to break. 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an experiment made 
a few years since in France :— An accident having occurred upon a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of sdentifio men was eUlcd 
to the fact, that the iron composing the axle, when first used, was htrong, and capable of 
standing a test, but after use in locomotion for a certaiu period, coull be broken by a 
force far inferior to that by which it had formerly been tested. Many suppositions wero 
made to account for this phenomenon, when finally a person took a series of rods .about the 
size of pipe-stems, all strong and tough, and, with great patience, allowed thsm to fall 
for hours and hours upon an anvil, thus producing rapid strokes and vibrations. After 
■nbjeetingthem for a long time to this treatment, he found that the rods could be snap- 
ped and broken into fragments almost as easily as rotten wood. 
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What is 56. Iron may be made to cohere to iron by 

Welding? beating the metal to a high degree, and ham- 
mering the two pieces together. The particles are tlms 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum. 



ritACTICAL QUESTIONS ON THE INTERNAL, OR MOLECULAR 

FORCES. 

1. In what respect does a gas difteb f^m a liquid ? 

A liquid, like water, milk, syrup, etc., can be made to flow regularly dawn 
a slope.^ or an inclined pUme^ but a gas can not 

2. Why is a bar of raoK stronger than a bar of wood of the same size ? 

Because tbe cohesion existing between the particles of iron is greater than 
that existing between the particles of wood. 

3. Why are tho particles of a liquid more easily separated than those of a bolid ? 
Because tho cohesive attraction which binds together the particles of a liquid 

13 much less strong than that which bmds together the particles of a solid. 

4. Why irlll a small needle, careftiUy laid upon the surface of water, float? 
Because its weight is not sufficient to overcome the cohesion of the particles "* 

of water constitutmg the surfice ; consequently, it can not pass through them 
and sink. 

5. If you drop water and laudanum from the same reescl, why will sistt drops of the 
water fill the same measure asoxs uundbed drops of laudanum? 

The cohesion between the particles of the two liquids is different, being 
greatest in the water. Consequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 

6. Why is the prescription of medicine by dbops an unsafe method ? 

Because, not only do drops of fluid from the same vessel, and often of the 
same fluid from different vessel diSbr in size, but also drops of the same fluid, 
to the extent of a third, from different parts of the lip of the same vessel. 

7. Why are cements and mortars ased to fasten bricks and stone together? 
Because the adhesive attraction between the particles of brick and stono 

and tho particles of mortar, is so strong, that they unite to form one solid 
moss. 

8. IIow may tho cHlcacy of a locomotire engine be said to depend upon the force of 
adhesion ? 

If there were no adhesion, or even insufficient adhesion, between the tiro 
of the driving-wheel of the locomotive, and tho rails upon which it presses, 
the wheel would turn without advancing. 

This actually happens when the raila are greasy, or coyeied with frost and 
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ico. Tho contact is thas interrapted, and the adhesion between the rail and 
wheel ia impaired. 

S>. When a liquid adheres to a solid, what term do ve apply to designate the act of 
adhcsiou f 

Wetting. It is necessary that a liqnid should adhere to tho sarCico of a solid 
before it can bo wat Wat^r iallin^r upon an oiled surfaco does not wet it^ 
because thera is no adhesion between tho particles of the oU and the particles 
of tho water. 

10 Why- are drops of rain, of tears, and of dew npon the Icares of plants, generaU^ 
spherical, or globular? 

The force of cohesion alwajs tends to cause the particles of a liquid, when 
unsupported, or supported on a surface having little attraction for it, to as- 
sume the form of a Fphere— a globe, or sphere, being tho figure which will 
contain the greatest amount of matter within a given surface. 

This property of fluids is laken advantage of in the arts, in the manufacture 
of shot The melted lead is made to fall in a shower, fbom a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their fall become hardened by cooling, and retain their fonn. 



CIIAPTEK IV. 

ATTRACTION OP GRAVITATION. 

57. The Attraction of Gravitation is 
Swtion*" ^f that form of attraction, by which all bodies at 
Grayitatioa? gensiblc distanccs, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 
Grlritotion tances also, but their influenca upon different classes of bodies 
^^^J /™™ varies, and is limited by distance. Molecular, or Internal At- 
of attractioa? traction, acts only at insensible distances. Tho Attraction of 

Gravitation acts at all distances, and upon all bodies. 
,^ . ^ 58. Every portion of matter in the universe 

What is the t . • i » 

great law of attracts evcrv other portion, with a force pro- 

the attraction .. , ,. "^ , T ' ... i 

of Gravita- portioncd directly to its mass, or quantity, and 
inversely as the square of the distance. This 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to tho mass of 
a body, we mean, that if of two bodies, the mass of one be twice as large as 
that of the other, its force of attraction will be twice as great: if it is only 
half as large, its attraction will be only half as great 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance, wo mean, that if ono body, or substance, attracts another body 
with a certain force at the distance of a mile, it will attract with four times 
that fjrce at half a mile, cine times t!ie force at one third of a mile, and so 
on, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two miles, one ninth of the force at three miles, one sixteenth of 
tne force at four miles, and so on, as the distance increases. 

Pjq^ 3^ This law may bo further 

illustrated by reference to 
Fig. 3. Let C be the center 
of attraction, and let the lo .r 
dotted lines divei^ing from 
represent lines of attraction. 
At a certain distance from 
they will comprehend the 
small square A ; at twice that 
distance they will mclude the largo square B, four times the size of A ; and 
since there is only a certain definite amount of attraction included within 
these lines, it is clear that as B is four times as great as A, the attraction ox« 
crted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as far from C. 

As gpavitative attraction is tho common property of all 
bodies, it may be asked, why all bodies not fastened to tho 
eaith''s siuface do not come in contact ? They would do so, 
were it not for the overpowering influence of the earth's at- 
traction, which in a great measure neutralizes, or overcomes, 
the mutual attraction of smaller bodies on its surface. 
Does a feather ^° throw up a feather into tho air, and it falls through tho 
attmct tho influence of the earth's attraction ; tut as all bodies attract 
^ each other, the feather must also attract, or draw up, tho 

cartli, ia some degree, toward itsol£ This it really doe3, with a force pro- 
portioned to its mass ; but as the maes of tho cartli is infinitely greater than 
th3 moss of the feather, tho irflucnco of tho feather is infinitely small, and wo 
aro unable to perceive it. 

In soma instances, where bodies aro free tD move, the mu- 
lastrufioLis of tual attraction of all matter exhibits itsclC If we place upon 
tnlictloa? ^*" ^*^^' ^^ ^ smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
cutions alTecting the experiment being alike for each. Two leaden balls sus- 
pended by a string near each other, are found, by delicate tests, to attra't 
each other, and therefore not to hang quite perpendicular. A leaden weight 
Euspended near the side of a mountain, inclines toward it to an extent pro- 
portionate to the magnitude of tho mountain. 

What is the ^^° ^^^^^ attracts the moon, and this in turn attracts the 

canse of earth. The solid particles of matter upon the earth's sur&ce, 

^®' • not bemg free to move, do not sensibly show the influence of 

the moon's attraction ; but the particles of water composing the ocean« bemg 



VThy do not 
all bodies up- 
on tho oarth*8 
surface rrmo 
iii contact i 
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free to move, furnish us evidence of this attracdon, in the phenomena of the 
tides. "When, by the revolution of the earth, a certain portion of its surface 
is brought within the direct influence of the moon's attraction, the surface of 
the ocean is attracted, or drawn up, to form a wave. This wave, or elevation 
of the surface of the wattr, occurring uniformly, is called a tide ; when the 
moon is the nearest to tho earth, its attraction is the greatest, and at these 
periods we have high tides, or " high water." 

wv * . m 59. All bodies upon the earth are attracted 

What is Ter- , mi • -ii m > % 

X atrial Gray- toward its Center. This we call Terrestrial 

Gravitation. 
wbat is the The attraction of the earth is not the same 
^Tth'aittr^ at all distances from the center, being greatest 
****"' at the surface, and decreasing upward as the 

square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 

SECTION I. 

WEIGHT. 

TT , V ^ 60. When a body falls to the earth, it de- 

at rest upon scciids bccausc it IS attracted toward the center 

the RUrface of . , -xTrri • it /* n 

the earth at- of thc carth. When it readies the surface of 

tracted? i i -i . . , 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

whsLt is 61. Weight is, therefore, the measure of 

Weight? £^j.^^ ^j^j^ which a body is attracted by the 
earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight being, then, the measure of the earth's attraction, it 
Wdght v«T? follows that as tlio attraction of the earth varies, w ight must 

also vary, or a body will not haye the same weiglit at all 
places. 

The weight of a body will be greatest at the surface of the 
b^r^ weigh ®^r^^» ^^^ greatest at those points upon the surface which are 
the most, and nearest the center, 
leasu ^^ ^8 ^^® ®*^^ ^3 ^^^ * perfect sphere, but flattened at the 

poles, the poles are nearer the center than the equator. A 
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body, therefore, will be attracted moat strongly, that is, will weigh the most, 
at the pules, or at that portion of the earth's surface which is nearest the 
center, and weigh the least at the equator, or at that portion of the earth's 
surface which is most remote from the center. 

A ball of ux>n weighing one thousand pounds in the latitude of the city of 
New York, at tlie level of the sea^ will gain three pounds in weight, if re- 
moved to the north pole, and lose about four pounds if conveyed to the 
equator. 

K>wdoM 62. If a body be lifted above the surface of 

M^^e^asSnd the earth, its weight will decrease in accord- 
torth'i^^Bur- ance with the law, that the attraction of 
face? gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will bo four times greater at the earth's 
surface, than at double the Stance of the surface from the center ; or a body 
weighing one pound at the earth's sur&ce, will have only one fourth of that 
weight, if removed as tar from the surface of the earth, a/tho surface is from 
the center. 

now does ^^' -^^ ^^® attraction of gravitation decreases 

▼eight vary dowuward from the surface to the center of the 

aswedesoend •, . i t ^^^ 

from the SOT- earth, simply as the distance decreases, weight 
will decrease in like manner. 

A body weighing a pound at the surface of the earth, will weigh only half 
a pound at one half the distance from the surface to the center. 

Where iriu a ^^' ^*' *^® Center of the earth a body will 
weight^*"® necessarily lose all* weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equaUy in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

What are '^ ^^® attractive force which the earth exerts upon a body 

U-M bodS* ^ proportioned to its mass, cr to the quantity of matter con- 
" ' tained in it, and as weight is merely the measure of such at- 

fraction, it follows that a body of a large mass will be attracted strongly, and 
possess great weight, while, on the contraiy, a body made up of a small 
qunntity of matter, will be attracted in a less degree, and possess less weight 
We recognize this difference of attraction by calling the one body heavy and 
the other light. 

If, as is represented in Fig. 4, we place a mass of lead, o, at one extremity 
of a well-balanced beam, and a feather, ft, at the other, we shall find that the 

2* 
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lead is dOiWn to the eafth with a force exactly equal to the EQ|>eriorit7 of its 

mass over that of the feather. 1( 
however, we tie oa a sufficient 
number of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is re- 
stored—the two quantities are 
attracted with equal force, and 
the beam is supported in -a hori- 
zontal position. 

65. In all the opera- 
tions of trade and com- 
merce, we sell, or ex- 
cliange a given quantity 
of one article or substance 
for a certain quantity of. 
some other article or substance— so much flour for so much 
sugar, or so much sugar and flour for so much gold, 
whatisasys- I^^^^^^® ^^^ ncccssity, which has existed from 
wSm^uSm? ^^^ earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the civil- 
ized and commercial world, but two great Systems»of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems. 

In the English System, which is the one used in the United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois Weight Troy Weight is principally used for weighing 
gold and silver ; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name from the French arioirs (averia), 
goods or chattels, and poids^ weight The smallest weight made use of in 
the English System is a grain. By a law of England enacted in 1286. fc 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweigl t. 
Henoe the name grain applied to this measure of weight It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
tlie whole as should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grain. 



What are the 
two great Sys- 
tems of 
Weights and 
Measures ? 

What are the 
peculiarities of 
the English 
System f 
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Ho^rdoweob- 66. la cotistnicting a System of Weights 
Mjof weiSili ^^^^ Measures, it is pecessary, in the first place, 
and Measures? ^q g^ upon soiue dimension which shall forever 
serve as a standard from which all other weights and 
measures may be derived, and by which they may be com- 
pared and verified. If an artificial standard were taken, 
it is Qvident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not aflect. In th^ 
English System of Weights and Measures, such an un-^ 
varying dimension, or standard, is found in the length of 
a pendulum. 

Describe tho ^'^' -^ pendulum is a heavy body, suspended 

Peudaium. from a fixed point by a wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
rections arc called its vibrations, or oscillations, and 
the part of a circle over which it moves is called its abc. 

In Fig. 5, A B represents a pendulum ; D ^lo, 6, 

C, the arc in which it vibrates. . 

Now, it has been found that jf^ 

rZ«Umt^^' » pendulum, of any weight, 
nish a Stand, which in the latitude of Lon- 
ard of Mea8> i .,%.,. • 

ures of Length i ^on will vibrate, or swing over 

the same arc, or from the 
highest point on one side, to the highest point 
on the other side, in one second of time, will 
always, under the same circumstances, havo 
the same lengjth. The length of this pendulum 
(tho part A B, Fig. 6) is divided into 391,393 
equal parts. Of these parts, 10,000 are called *^Nfc^^^^ A3 
an inch, twelve of which make one foot, *^ 
thirty-si:c of them one yard. Thus we ob- 
tain standards of linear measure. 

^. To obtain a Standard of Weight, a cubic inch {accwrcOely ob» 

t«l^ n standard iainedfrom Ihe pendtUum) of distilled water, of the temperature 
of Weight? ^f Q90 Fahrenheit's thermometer, is taken and weighed. 
This weight is divided into 232,458 equal parts; and of these, 1,000 will bo 
ft grain. The grain muUipUed, gives ounoes, pounds, eta 
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How do ire ob- To Obtain standards of Liqnid Measure, ten pounds, or t.OOO 
tain standards grains of distilled water, at the same temperature, are made 
Me^ures* *° constitute a gallon. The gallon, by division, gives quarts, 

pints, and gills. 

08. The French System of Weights and Measures is 
constructed on a diflferent plan, and originated in the fol- 
lowing manner : 



Explain the 
GO'iBtructionof 
the French 
System of 
Weights and 
Measures. 



FlO. 6. 



In 1788, the French CfovemmerUj feeling the neceteity of 
having some standard by which all weights and measures 
might be compared and made uniform, ordered a scientific in- 
quiry to be made : the result of which was the establishment 
of the present system of French Weights and Measures^ which, 
from its perfect accuracy and simplicity is superior to all other systems It is 
sometimes called the Decimal System, all its divisions being made by ton. 

The French standard is based on an invariable diinension of the globe, viz.^ a 
fourth part of Vie eartlCs meridian, or the fourth part of the largest circle pass- 
ing through the poles of the earth. 

In Fig. 6, the circle N E S W repre- 
sents a meridian of the earth ; and a fourth 
part of this circle, or the distance N E, con- 
stitutes the dimension on which the French 
System is founded. This distance, which 
was accurately measured, is divided into 
ten million equal parts ; and a single ten 
milHonth part adopted as a measure of 
length, and called a mttre. The length of 
the metre is about 39 English inchea By 
multiplying or dividing this quantity by ten, 
the other varieties of weights aifd .measures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington, 
and at the capital of every State. 




PRACTICAL PROBLEMS ON THE ATTRACTION OF GRAVI- 
TATION. 

1. Suppose two bodies, one weighing 80 and the other 90 pounds, situated ten mflcs 
apart, were free to move toward each other, under the influence of mutual attraction: 
what space would each pass over before they came in contact f 

The mutual attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

2. A body upon the snrfMse of the aarih weight one pound, or sixteen onnceff: if by 
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$nj means we could carry it 4,000 mllei abore the earth's surface, what would b« its 
weight 1 

Solution: The force of gravity decreases upward, as tha square of the distance from 
the ceuter increases : weigut, therefore, will decrease in Bke proportion. The distance of 
the body upon the surface of the earth, from the center, is 4,000 miles. Its distance from 
the center, at a poiut 4,000 miles above the surface, is 8,000. The square of 4,()00 is 
16,001,000 : the square of 8,000 is 64,00t),000. The weight, fherefoie, wiU be diminished 
in the proportion that sixty-four bears to sixteen; that is, it wUl be diminished {ths, ov 
weigh ;^th of a pound, or 4 ounces, 

3 What wiU be the weight of the same body remored 8,000 mUes from the earth^s 
■ face? 

4. A body on the surface of the earth weighs ten tons : what would be its weight if 
elevated 2,U0J miles above the surface f 

5. How far above the surface of the earth most a pound weight be carried, to make it 
weigh one ounce ayoirdupois f 

6. What would a body weighing 800 pounds upon the earth's surface, weigh 1,000' 
miles below the surface ? 

The force of gravity decreases as we descend from the surface into the earth, simply 
as the distance downward increases, — weight being the measure of gravity, it therefore 
decreases in the same proportion. The distance from the surface of the earth to the 
center may be assumed to be 4,000 miles : 1,000 miles is one fourth of 4,000. The dis- 
tance biing decreased one fourth, the weight is diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 pounds. 

7 Suppose a body weighing S!)0 pounds upon the surface of the earth were sunk 8,000 
miles below the surface : what would be its loss in weight? 

8 If a mass of iron ore weighs ten tons upon the earth's surface, what would it weigil 
at the bottom of a mine a mile below the surface ? 

9. What win be the weight of the same mass at the bottom of a mine one hilf a mile 
below the earth's surface? 



SECTION II. 

SPECIFIC OBAVTIT, OB WBIOHT. 

In what tT^o ^^' '^ P^®^ ®^ ^"^^ ""^^^ "* Water, and floats upon quick* 
senses may the silver. Ill the first instance, we say the iron sinks because it 
be'SedT*^^^* is heavier than water; and in the second, it floats^ because it 
is lighter than quicksilver. Iron, therefore, is a heavy body 
compared with water, and a light body compared with mercury^ But in or« 
dinary language, we alwayB consider iron as a heavy body. The term 
weight may, therefore, be used in two very different senses, and a body may 
be at once very light or very heavy according to t'..e sense in which the terms 
are usei A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance, viz.. 2,000 pounds; is considerable. 
It is, however, in another sense, a light body, because if compared, bulk for 
bulk, with most other solid substances, its weight is veiy smaU. Hence we 
make a distinction between the absolute, or real weight of a body, and its 
specific^ or comparative weight 
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What h Ab. 71. The Absolute Weight of a body is 
BoiutoWdghtf ^Ij^ij q^ jijg eatire mass, witliout any reference 
to its bulk, or volume. 

What is 8p«. 72. The Specific Weight, or the Specific 
•ifie Weight? Gravity of a body, ia the weight of a given 
bulk, orvolumeofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The term " Specific" "Weight, or Gravity, is uaed, becansd 
S?tLrm"SpS ^^^^ ^^ diflerent species of matter have different weights 
ciAe,*' M ap- under equal bulks, or volumes. Thas, a cubic inch of cork, 
^Vef^ht*? ^^ * different weight from a cubic inch of oak, or of gold, and 

a cubic inch of water contains a less weight than a cubic inch 
of mercury. Hence we say that the specific gravity, or ppecific weight, of 
cork is less than that of oak or gold, and the specific gravity of mercuxy is 
greater than that of water. 

13. Specific Gravity, or "Weight, being merely the compaia- 
Stondard' for ^^® tS^^^^^ <>' weiglit, it is convenient that some standard 
estimating the should be selected, to which all other substances may be re- 
S^rf^bo^csr forr^^d for comparison. Distilled water has accordingly been 

taken, by common consent, as the standard for comparing the 
weights of all bodies in the solid, or liquid form. The reason (or usuig dis- 
tilled water is, that we may be certain of its purity. 

Water, therefore, being fixed upon as the standard, we determine the «fpe- 
cific gravity of a body, or we ascertain how much heavier or lighter a sub- 
stance is than water, by the following rule : — 

How do ire 74. Divido the weight of a given bulk of the 
Sfic *ora^ substance, by the weight of an equal- bullc of 
of bodies? water. 

Explain the Suppose we take five vessels, each of which would contain 

application of exactly one hundred grains of water, and fill them respectively 
'" with spirits, ice, water, iron, and quicksilver. The foUowmg 

differences in weight will be found : — ^The vessel filled with spirits would 
weigh 80 grains; with ice, 90 grains; with water, 100 grams; with iron, 750 
grains ; with quicksilver, 1,350 grains. 

Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this: How much lighter thra 
water are sphrits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contained in 80, 90, 
750, and 1,350? The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
found for spu'its the weight 0*80, one fifth lighter than water ; for the ice. 0-90, 
one tenth lighter than water; for the iron, 7*50, or seven and a half times 
heavier than water; for the quicksilver, 13*50, or thirteen and a half times 
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now do ve ob* 
tiii the Spe- 
cific Gravity 
of Liqiiid 
bodies i 



in water, what 
occurs f 



heavier than water. These ntmbers^ therefore, are the specific graoiUea of the 

Bpirits^ ice, iron, and quicksilver. 

For obtaining the specific gravity of Liquids the method 
above described h substantially the ono usually adopted in tlie 
arts. A bottle capable of holding exactly 1,000 grains of 
distilled water, at a temperature of 60° Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. Tho 

water is then removed, and its place eupphed with tho fluid whoso specifio 

gravity we wish to determine, and tlw bottle and contents again weighed. 

The weight of the fluid, divided by tho woigiit of tlio water, gives the specific 

gravity required. Thus a bottlo holding 1,000 grains of distilled watf^r, will 

hold 1,845 grains of sulphuric acid; 1,845+1,000=1.845, or, tho sulphurio 

acid is 1.845 times heavier than an equal bulk of water. 

When w im- ^°^ obtaining tho specific gravity of solid bodies, a different 

iner83 a body method is adopted. When we immerse a body in water, 
it displaces a quantity of water equal to its own bulk. (In 
Fig. 7, the space occupied by the cube A B is obviously 

cq'ial to a cube of w'ater of tho same size.) Tho Fig. 7. 

water that bcfbre occupied tho space which tho 

body now fills was supported by tho pressure of the 

other panicles of water around it. Tbo same . 

pressure is exerted on the substance which wo 

have immersed m the water, and, consequently, it 

will be supported in a like degree. 

<««n. _*« I^ tbe body weiglis less than an 

When will a , . ,. ^, , 

body silk, and cqual bulk of watcr, tho pressure 

Jrafer ?^^ ^^ ^^ **^® ^**®^ ^^^ sustain it entirely, 
and the body will float ; if, on the 
contrary, it .is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
eble wholly to sustain it, and, yielding to the at- 
traction of gravitation, it descends, or smks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight will diminish. We ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and tho difference between these two 
weights will be equal to the weight of a quantity of water of the same size or 
bulk as the solid body; all bodies of the same size, therefore, lose the sam3 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
bulk of water, we have the following rule: 

75. Ascertain the weiirht of the body in 
water, and also in air. Divide the weisjht in 
air by the loss of weight in water, nnd tho 
quotient will be the specific gravity required 
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How do we 
find the Spe- 
cific Gravity 
of a body 
lighter than 
water? 



Pjq^ ^ Suppose a piece of gold weighfl h 

the air 19 grainSi and in water 18 
grains ; the loss of weight in water will 
be 1; 19-*- 1=1 19, the specific graritjr 
of gold. 

Fig. 8 represents the arrangement of 
the balance for talking specific gravities, 
and the manner of suspending the body- 
in water from the scale pan, or beam, 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to some substance 
sufficiently heavy to sink it, 
whose weight in air and water 
is known. Weigh the two together, both in air and water, 
and ascertain the loss in weight. This loss 
will be the weight of as much water as is equal 
in bulk to the two solids taken together. 
Subtract the loss of the heavy body weighed 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 16 ounces. Let the weight which the two together lose 
when submerged in water, be 5 ounces, and let the weight wliich the heavier 
alone loses when immersed bo 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounce, firom the combmed loss of the two in water, 
5 ounces, we have 4 ounces as the weight of a mass of water equa? in bulk to 
the lighter body. But the weight of the lighter body in air is 3 ounces; 
3-^4=0.75=f. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity 0.75. 

•77. The specific gravity of Liquids may also be foond by thft 
?nT the^^S^e^ balance in the following manner : Weigh a solid body »n water, 
cific GwTity as Well as in the liquid whose specific gravity is tn be de- 
baiance?^^*^^ termined ; then the loss in each case will be the respective 
weights of equal bulks of water and liquid. We have, there- 
fore, the following rule : 

78, Divide the loss of weight in the liquid by the loss 
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of "weight in water.; the quotient will give the specific 
gravity of ihe liquid. 

Thus a solid body (a piece of glass is generally used) loses 20 grains when 
weighed in water, and 30 grains when weighed in acidj 30-5-20 = 1.5, the spe- 
cific gravity of the add. ' 

79. There are various other methods of obtaining the specific gravity of 
solids and liquids.* Those we have described are the ones most generally 
adopted. 

How do wo Ob- 80. For obtaining the specific gravity of 
dfic ^Gravity g^scs, air instead of water is adopted as the 
of a Gas? Standard of comparison. The weight of a 

given volume or measure of a gas is compared with the 
weight of an equal volume of pure atmospheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity of the gas, 

81. The following table exhibits the specific gravity of various solid, liquid, 
and gassous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assumed as the standard of comparison for solids 
and liquids, and pure, dry air, having the same temperature, being assumed 
as the standard of comparison for gases. The metal platinum has the greatest 
specific gravity of any solid body, being 21.60 times heavier than an equal 
bulk of water ; and hydrogen gas the least specific gravity of any of the gases, 
being 14.4 lighter than an equal bulk of air, and 12.000 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est forms of matter with which we are acquainted. 

SOLIDS AND LIQUIDS. 

Distilled water 1.000 

Platinum * 21.600 

Gold laseo 

Mercury 13.600 

Lead 11.450 

SUver 10.600 

Copper 8.870 

Iron 7.800 

Hint Glass 3.320 

Marble 2.830 

Anthracite coal 1.800 

Box-wood 1.320 • 

Sea-water 1.020 

Whale oil 0.920 

Pitch-pine wood 0.660 

• See Hydrometer. 
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White pino 0.420 

Alcohol 0.800 

Ether 0.720 

Cork 0.240 

OASTS. 

Pure, Cry atmospheric air ....*• . 1.000 

Carbonic acid gas 1.520 

Oxygen 1.100 

Nitrogen 0.970 

Ammoniacal gas 0.580 

Hydrogen 0.070 

Haw can we ^^' '^ ^^^° ^^* ^^ water TTcighs almost exactly 1,000 
determine tha omices avoirdQp3i3, or 62^ ponnds. I^ therefore, the specilic 
bflfbST?rom gravity of water bo represented by tho number 1,000, the 
i^.n SpRcifio numbers which express tho specific gravity of all other solids 
Gravity? ^^^ liquids, will also express tho number of ounces contained 

in a cubic foot of their dimensions. Thus, th3 specific gravity of gold being 
19.3G0, it follows that a cubic foot of gold will weigh 19,360 ounces; and tho 
specific gravity of cork being 0.240, tho weight of a cubic foot of cork will 
bo 240 ounces. By means of a tabic of specific gravities, therefore, tlie 
weight of any mass of matter can bo cscertamed, provided wo know its cu- 
bical contents, by tho following rule : 

83. Multiply tho weight of a cuhic foot of water by 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that Bubstance. 

Thus, anthracite coal has a ^)ecific gravity of 1.800. Tliis, multiplied by 
tho weight of a cubic foot of water, 1,000 ounces, gives 1,800 ounces, which 
13 tho weight of a cubic foot of coal 

now can we ^^ Thc volumc, ov bulk, of auy givcu woight 
bSk ^1 sSb- ^f ^ substance can also be readily calculated, 
8p"dfic*G?J^ ^y dividing the number expressing the weight 
"y* in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will express the number of cubic feet in the 
volume, or bulk. 

Thus, for example, if it be desired to aseertairi the bulk of a ton of iron. It 

is only necessary to recluce the ton weight to ounces, And divide the number 

of ounces by 7.800, the specific gravity of iron; the quotient will be the 

--,. ^ , number of cubic feet in the ton weight 
If the particles r^*. ▼/» i • i /» it 

ofmatterwere 85. If the particIcs of all matter wcrc per- 
how ▼oiSd'^ fectly free to naove among themselves, their 
oieiMdrM^ arrangement in space would always be in ex- 



SPECIFIC GRAVITY, OB WEIGHT. 



43 



Why does a 
1)alIoon ascend, 
or a cork rise 
to the surface 
of Trater 1 



act accordance with their diiferent specific gravities : in . 
other words, light bodies, or th^se having a sm-iU specific 
gravity, would rest upon, or rise above hU heavier bodies, 
or those possessing a greater specific gravity. 

«_. ^ „, In the case of different liquids, the particles of which are 

What arc nius- ^ , ,^ \ . *^ 

trationsof this iree to move amoDg themselves, this arraDgement alwa^'s ex- 
prmcipio? jg^ g^ j^Qg gg ^Jjq different substances do not combine to- 

gether, by the force of chemical attraction, to form a compound substance. 
Thus, water floats upon sulphuric add, oil upon water, and alcohol upon oil, 
and by carefally pouring each of these liquids successively upon the surface 
of the other, tJiey may be arranged in a glass in layers. 

Carbonic acid gas is heavier than atmospheric air. Wo accordingly find 
that it accumulates at tlio bottom' of deep pits, wells, caverns and mines. 

This principb also explains certain phenomena which at 
first seem opposed to the law of teirestrial gravity, that all 
matter is attracted toward the center of the earth. We ob- 
serve a balloon, a soap-bubble, or a cloud of smoke or steam 
to ascend ; and a cork, or other light body, placed at the bot- 
tom of a vessel of water, rises through it and swims on the surGice. These 
phenomena are a direct consequence of gravitation; the attraction of which, 
increasing with the quantity of matter, draws down the denser air and water 
to occupy the place filled by the lighter bodies, which are thus pushed up^ 
and compelled to ascend. 

FiQ. 9. Suppose a, Fig. 9, a ball of wood so loaded with lead 

that it will float eicactly in the middle of a vessal of water. 
The weight of the wood and the upward pressure of tlie 
water have such a relation to each other, that the ball is 
balanced in tliis position. If now we add a few drops of 
strong salt and water, we sliall see, as it sinks and mixes 
with the water, that the ball, a, is forced to the top of tlie 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occupy the place 
of a. 

The principle that the particles of liquids arrange them- 
selves according to their specific gravities, has been taken 
advantage of in the "West Indies by the slaves, in order to 
enable them to steal rum from casks. The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the mm. The wat< r 
falls out of the bottle into the cask, while the lighter rum rises to take its 
place. 

The principle of specific gravity admits of many valuable 
applications in the arts. It offers a very sure and quick 
method of determining whether a substance is pure or adul- 
terated. Thu5?, silver may be mixed with gold to a consider- 
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able extent, without changmg, to any great degree, the ap- 
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pearanco of the gold. The specific gravity of pure gold being 19, and of pure 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
less than pure gold, and greater than pure silver, the diflerence being propor- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils liave been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant gas. In any case it enables us 
to ascertain the exact size or solid bulk of a mass, however irregular—oven 
of a bundle of twigs.* 

, PRACTICAL PROBLEMS RELATING TO SPECIFIC GRAVITY. 

1. The ▼eight of a solid body is 200 gnlni, bat its weight in water is only 160 grains; 
what is the specific grayity of the body f 

Solution: 69 grains = loss of weight in water; 800 grains (weight in aI]!)-»-50=4, spe- 
cific gravity required. 

2. A body weighed in the air 28 pounds, and in water 24 ponnds ; whlit is its specifio 
gravity? 

3. An irregular fragment of stone weighed in air 78 grains, bat lost 80 npon being 
weighed in water ; what was the specific gravity of the stone ? 

4. A piece of cork: weighed ia the air 43 grains, and a piece of brass 660 grains ; the 
brass weighed in water 4S3 grains, and it a brass and cork when tied together weighed in 
water 836 grains. What was the specific gravity of the cork ? 

5. How much more matter is there in a cubic foot of sea-water, than in a cubic foot of 
freshwater? 

6. Would a piece of steel sink or swim In melted copper? 

7. When alcohol and whale-oil are put in the same vessel, which of these two sub- 
stances will occupy the top, and which the bottom part of the vessel? 

8. If a cuUc foot of water weigh 1,009 ounces, what will be the weight of a cubic foot 
of lead? 

9. What will be the weight of a cubic foot of cork, in ounces and in pounds ? 

• The attempt to ascertain whether a paiUcolar body had been adulterated led ArcM- 
roedes, it is said, to the discovery of the prlneiple of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure metal ; 
and as the workmanship was costly, he wished to accomplish this without def«cing it. 
The problem was referred to Archimedes. The philosopher for some time was unable to 
solve it, but being in the bath one day, he observed that the water rose in the bath in ex- 
act proportion to the bulk of his body beneath the surface of the water. He instantly per- 
ceived that any other snbstsnce of equal Bi«3, would raise the water just as much, though 
one of eqnal weight and less size, or buli, could not produce the same effect Convinced 
that he could, by the application of this principle, determine whether Hiero's crown had 
bM»n adulterated, and moved with admiration and deUght, he is said to have leaped from 
the water aid mshed naked into th« street, crying " ^vprtKa I E»p»»«i !" ** I have found It! 
1 have found it I" In order to apply hin theory to practice, he procured a mnss of pure gold 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively Into a vessel quite filled with water, and having carefully 
collected and weighed the quantity of liquid which was displaced in each instance, he 
ascertained that the mass of pure gold, of the same weight as the c*'own, displaced less 
water than the crown ; the croim was, therefore, not pure gold. The mass of pure rilver 
of the same weight as the crown, displaced more water than the crown j the crown, tbara- 
fore, was not pure silver, bat a mixture of gold and silver. 
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10 novmanyeabiofoetinatonofgold? 

11. Tloir many cubic feet la two tons of anthracite coal f 

12. How many cubic feet in a ton of cork f 

13. A fragment of metnl lost 5 ounces wben weighed in water ; what were its dlmen- 
Bions, supposing a cubic foot of water to weigh 1,000 ounces 7 

Solution: The loss of weight in water, 5 ounces, is the weight of a bulk of water eqnat 
to that of the body. As we know the weight of a cnblc foot of water, we can determine 
the number of cubic inches or feet In any given weight, thus ; as 1,000 (the weight of a cubic 
foot of water in ounces) is to 5 ounces, so is 1,728 (the number of cubic inches in a cubio 
foot) to 8.64 cubic inches, the dimensions of the fragment 

14. Wishing to ascertain the number of cubic inches in an irregular fragment of stone, 
it was weighed in water, and its loss of weight observed to be 4.25 ounces. What were its 
dimensions ? 

SECTION III. 
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What is the 
Center of Grav- 
ity in a body ? 



86. The Center of Gravity in a body, is 
that point about which, if supported, the 
whole body will balance itself. 



Fig. 10. 



If we take a rod, or beam, of 

equal size throughout, and suspend 

it from the middle, Fig. 10, the 

two sides will exactly balance each 

other, and it will remain at rest in 

a horizontal position. There being 

as much matter similarly situated on one side of the support as on the other, 

the force of attraction exerted on both sides will be alike, and therefore one 

side can not overpower, or outweigh the other. 

In every body, of whatever size or form, a point may bo 
found, about which, if supported, all the parts of the body will 
balance, or remain at rest. Everybody may be considered as 
made up of separate particles, each acted upon separately by 
gravity, but as by supporting this on© point we support tho 
whole, as by lifting it we lift the whole, and as by stopping it 
we cause the whole body to rest, the whole attraction exerted 
on the entire mass may be considered as concentrated at this one point, and 
this point we call the Center of Gravity. 

87. The Center of Magnitude of a body, 
is the central point of the bulk, or mass of the 
body. 

88. When a body is of uniform density, the 
Center op Gravity will coincide with its 
center of magnitude ; but when one part of a 

body is composed of heavier materials than another part. 



"Row may we 
consider the 
whole attrac- 
tion exerted on 
a body concen- 
trated at its 
Center of Grav- 
ity? 



What is the 
Center of Mag' 
nitude? 



Where is the 
Center of Grav- 
ity of a body y 
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the center, of gravify no longer corresponds with the center 
of^nagnitude, or the central point of the bulk of the body. 

/ Fig. 11. Thus, in a sphere, a cube, or a cylinder, the center of grav- 

{ /^;^\ ity is the same as the center of the body. In a ring of uni- 
form size and density, the center of gravity is the center of 
> the space inclosed in the ring (see Fig. II). This example 
I allows that the center of gravity is not necesaarily included 
in that portion of space occupied by the matter of the body. 
In a wheel of wood of unilbrm density and thickness the 
center of gravity will be the center of the wheel, but if a part of the rim be 
made of iron, the center of gravity will bo removed to some point aside from 
the center. 

When two bodies are connected together, they may be regarded as one 
bod}', having but one center of gravity. If the two bodies be of equal weight, 
the center of gravity will be in the middle of the line which unites them; 
but if one be heavier tlian the other, tho center of gravity will be as much 
nearer the heavier body, as the heavier exceeds tho lighter one in weight 
FiQ. 12. Thus, if two ball', each weighing four pounds, bo 

connected together by a bar, tho center of gravity 

®will be a point on the bar equally distant from 
each. But if one of the balls be heavier than tho 
other, then tho center of gravity will, in propor- 
tion, approach the larger ball. This is illustrated by reference to Fig. 12, in 
which the center of gravity about which tho tv/o balls support themselves, is 
•een to ho nearest to the heavier and larger ball. 

89. The center of gravity of a body being regarded as tho 
Srer of Grav- P^^"* ^^ which the BUm of all tho forces of gravity acting upon 
l^ybeiiporma- tho Separate particles of tlio body are concentrated, it may 
cqniiibriuni?^' ^ onsiderod as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
th3 lowest situation which tlie support of tho body will allow; tliat is, tho 
center of gravity will descend os far toward the center of the earth as possible.^../ 
nrrv . . ^^' ^Y EQUILIBRIUM WO mean a state of rtsfc 

What dowj iTTi • IT. 

Lrf^lY^^''^*" P^'O^^^^^ ^y ^"^ counterpoise, or balancing, of 
opposite forces. 

Thus when one force tending to produce motion in one duxjction, is opposed 
fcy an equal force tending to produce motion in an exactly opposit3 direction, 
the two balance each other, and no motion results. To produce <iny action, 
there must bo an inequality in tlie condition of one of the forces. 
jj . Tho truth of this principle may be illustrated by certam cx- 

pei-laie t ca:i perimcnts which at first seem to be contradictory to it. Thus 
^ prfadpls? ^ cylinder may be made to roll up an mclined plane. Fix a 
piece of lead, l^ Fig. 13, on ono side of tho cylinder a, so that 
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In what thrro 
ways may the 
Cftnter of Grav- 
ity be support- 



Illustrate 
first caB3. 



the 



the center of gravity of the cylinder will be at the point l^ while its center 

of magnitude is at c. The cylinder 
will then roll up the inclined plane to 
the position a Ij because the center 
of gravity of tlie mass, 2, will endeavor 
to dcBcend to its lowest point 

91. A prop that supports 
the center of grnvity sup- 
ports the whole body. This support may be applied iu 
three different ways : 

1. The point of support may be apph'ed di- 
rectly to the center of gravity of the body, 

2. The point of support may have the cen- 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately a^ve it. 

In the first case, where tho point of support is applied di- 
rectly to tlie center of gravitj", the body will remain at rest in 
any position ; this is illustrated in the ease of a common wheel, 
where tho center of gravity is also tho center of the figure, and this being 
Flo. 14. supported on tho axle, the wheel rests 

indilferently in any position. In Fig. 
14, let a, the center of the wheel, which 
o is also its center of gravity, be supported 
by an axle; — ^the wheel rests, no matter 
- — a, to what extent we turn it. 

In tlie second case, where the point 
%- -C of support is above tlie center of gravity, 
the body, if it is allowed freedom of mo- 
tion, will not rest in perfect equilibrio 
until its center of gravity has descended to the lowest position, which in all 
cases will be immediately beneath tho xoint of suspension, 
second^c^sl^® Thus, in Fig. 14, let tlie wheel, tho center of gravity of wliich 
is at a, be suspended from tho point t, by a tliread, or hung 
upon an axle, liaving freedom of motion on that point. Ilowever much we 
may move it, cither right or left, toward m or n, as shown by the dotted lines, 
cm and an, it swings back again, and is only at rest when h and a are in the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
third c*TC. *^^ ^°^ ^^ gT*avity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the pcint 
of support In Fig. 14, suppose the wheel to be supported at the point c, sit- 
uated in a vertical line a c, immediately below the center of gravity, a; so 
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loDg as this position is maintained, the wheel will remam at rest, but the mo- 
ment the center of gravitj, a, is moved a little to the right or left, so as to 
throw it out of the vertical line joining a and c, the wheel will turn over, and 
as3um3 such a position as to bring the center of gravity immediately beneath 
th3 point of support, as in the second casg^>^ 

UpoT what 92. The stability of a body, therefore, de- 

wmViftbS^ pends upon the manner in which it is sup- 
djpendf ported, or in other words, upon the position 

of its center of gravity. 

What are the 93. As a body may be supported in three 
t&Twof^IIuiI positions, we have, as a consequence, three 
brium? conditions of equilibrium, viz., Indifferent, 

Stabb, and Unstable Equilibrium. 

\Vhat Is iidif- Indifferent Equilibbium occurs when a body is supported 
fereit Eqaiii- Upon its center of gravity ; for then ic remains at rest indiffor- 
'"'^"™ ' ently in every position. 

Stable Equilibrium occurs when the point of support is 
E^*iUbrfaa ?' »^^e the center of gravity. If a body bo moved from this 
position, it swings backward and forward for a time, and 
finally returns to Its original situation. 

WTi t 1 u Unstable Equiubrium occurs when the point of support is 

•table Equiil- beneath the center of gravity. The tendency of the center of 
briam ? gravity in such cases is to change, and take the lowest situation 

the support of the feody will allow. 

• ' 94. The principle that when a body is suspended freely, it 
deterin?nJ the "'^^ titLYQ its center of gravity in a vertical line, immediately 
center of grar- below the point of support, has been taken advantage of to 
bodies ? determine experimentally the position of the certer of gravity, 

in irregular shaped bodies. Suppose we suspend, as in Fig. 
15, an irregular piece of board by means of cord. A plumb-line let fall from 
J, - _ the point of support, or the prolongation of the cord, will 

I pass through the center of gravity, G. If we now attach 
the cord to another point, and suspend the body anew, the 
prolongation of the cord in this instance, also, will pass 
through the center of gravity, G. The intersection of 
these two lines will be the center of gravity, and the 
board, if suspended by a cord attached to this point, will 
I hang evenly balanc^ 

95. A line which connects the center of 
I gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
the Line of Direction. It is called the Line of Direction, 
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S^of Dirl^ because when a solid body falls, its center of 
tion? gravity moves along this line until it reaches 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction, 

96. If the line of direction falls wifhih the 
base upon which the body stands, the body 
remains supported ; but if it falls without the 
base, the body overturns. 

Fig, 16. Fig. 17. 



When win a 
body stand, 
and when will 
it fall? 





Thus, in Fig. 16, the liae directed vertically from the center of gravity, G, 
falls within the baso of the body, and it remains standing; but in Fig. 17 a 
similar line falls without the base, and the body, consequently, can not bo 
maintained in an upright position, and must fkU. 

A wall, or tower stands securely, so long as the perpendicular Ihie drawn 

through its center of gravity falls 



Fig. 18. 



/?T!^ 




withui Its base. The celebrated 
leaning-tower of Pisa, 315 foet high, 
wliich inclines 12 feet from a per- 
fectly upright position, is an example 
of this principla For iristance, the 
line in Fig. 18, falling from the top 
of the tower to the ground, and 
passing through the center of gra /ity, 
falls within the base, and the tovTcr 
stands securely. IfJ however, an 
attempt had been made to build the 
tower a little higher, so that the per- 
pendicular line passing through tllo 
center of gravity, would have fallen 
beyond the base, the structure ccJd 
no longer have supported itselC 

97. The broader, or larg^ 
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the liase of a hodj^ and the nearer its principal mass is to 
the l^se, or, in other words, the lower its cen- 
ter of grayity is, the firmer it will stand. 
A iijrnuiiii], fur this reason, is the finnest of all tUuiim w i 
Tbe base upon wbkii the hooiaa body rests, or is rapported, 
is the two feet and the ^ooe iDclndei Letween them. The 
adranta^p of tornii^ oat the toes irbeii we walk is, that it 
increases the breadth of the base sopporting the bodj, and 
enables ns to stand more secorely. 
In creiy movement of the body, a man adjusts his pootioQ nnoooscioiislj, 
in snch a way as to snpport the center of grantj, and caose the line cf di- 
rection to tan within the base. 

vrhj does a j^ pcTson canjing a load upon hb bade, bends forward in 
order to bring the oeoter of grayitj and his load over hia 
feet 



tody ataiA 



What is the 

adranl&ge of 
fnmta^ontthe 
^^s U valk- 



person eany- 
ing a load up- 



on his 



badL 



FlO. 19. 



Fio. 20. 





Why does a 
person lean for- 
wirdinaaeend- 
J )|< a hill, and 
backirari ia 
dftwendhig? 

Why U a hlg!i 
carriage mora 
liable to or^' 
tamthanaloir 
ooel 



FlO. 21. 



If ho carried the load in the position of A, Fig. 19, he wonld be liable to 
fall backward, as the direction of the center of gravity -would fall beyond his 
heels ; to bring the center of gravity over his feet, he assumes the position 
indicated by B, Fig. 20. 

For the same reason, when a 
man ascends a hill he leans for- 
ward, and when he descends ho 
leans backward. See Fig. 21. 

A high carriage is much more 
llabla to be overaet by an Irregu- 
larity in the road than a low one ; 
because the center of gravity being 
high, the Une of direction is easily 
thrown without tbe basd. This 
win appoar «videD| fiom the following SUostraticni, Slg, 22. 
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Fig. 23. 



Let A represent a coach standing on a level ; B, a cart loaded with stooes 
on a slope ; C, a wagon loaded with hay on a slope ; a a a the centers of 
.grayitj ; a 6, line of direction ; c d^ base. 

Here it is obvious that the hay- wagon must trpset, becanse the line of di- 
rection falls without the base ; that the coach is veiy secure, because the line 
of direction falls &r within the base; and the stone-cart, though the center 
of gravity is low down, is not very secure, because the line of direction £dls 
Tcry near the outside of the base. 

The effect on the stability of a body occa- 
aoned by placing its center of gravity m a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 
When will • Ifa body be placed on an m. 
body slide and dined sur&ce, it will shde down 
when its line of direction (alls 
within the base ; but it will roU 
Fig. 24. . down when it &lls with- 

^^ ^^ ^,^ out the base. Thus the 

body, ty Fig. 24, having its line of direction t Og with- 
in the base, will slide down the indined sur&ce, c d; 
but the body h a, will roll down, since its line of di- 
rection, ( Of iGEdls without the base. 

a ^ 



when roll down 
aalopef 



JdiG. Z^ 




PRACTICAL QUESTIONS ON THE CENTEB OP GRAVITT. 

1. Why does « person in rising from a ch«ir bend fonrard ? 

When a person is atting, the center of gravity is supported by the seat; 
in an erect position, the center of gravity is supported hy the feet; therefore^ 
before rising it is necessary to change the center of gravity, and, by bending 
Ibrward, we transfer it firom th« diair to a point orer the feet 
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2. Why ia a turtle placed on its back anable to moro ? 

Because the center of gravity of the turtle is, ta this position^ at (he lowest 
poin^ and the aaimal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do rery fat people throv back their head and abooldert vhen tbej valk f 

In order that thej* ma/ eQectoallj keep the center of gravity of the body- 
over the base formed by the soles of the feet. 

4 Wby can not a man, standing vith his heels dose to a perpendicular wallf bend over' 
oulBciently to pick up any object that lies before him on the ground, vithout falling ? ( 

Because the wall prevents him from throwmg part of his body backward, 
to counierbcUance the head afid arms that must project forward. 

5 What is the reason that persons iralking arm-in-arm shake and jostle each other, 
nnlesB they make the morements of their feet to correspond, as soldiers do in marching? 

When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a wav- 
ing line; and unless two persons walkhig together keep step, the waving mo- 
tion of the two iails to coincide. 
'6 In what does the art of balancing or iralking upon a rope consist f 

Inkeeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very difficult thing for children to learn to iralk f 

In consequence of the natural upright position of the human body, it ia 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves fmm falling, when we phice one foot before 4he other. Chil- 
dren, afber they acquire strength to stand, are obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do young quadrupeds learn to walk much sooner than children ? 
Because a body is tottering In proportion to its great altitude and narrow 

base, A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base^ are able to stand and move about 
almost immediately. 

9. Are aU the limbs of a tsll tree arranged in such a manner, that the line dh-eeted 
firom the center of gravity is caused to fall within the base of the tree ? 

Nature causes the various lunbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity witliin 
the base, as though they had been all arranged artificially. Each limb grows, 
in respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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SECTION IT. 

EFFECTS OF GBATITT AS DISPLAYED BY FALLING BODIXa ^ 

whttisaver- 98. When an nnsupported body falls, its 
ticaiLinef motion will be in a straight line toward the 
center of the earth. This line is called a Vertical 
Line. 

What ig a 99. If a body be suspended by a thread, the 

Plumb une? thread will always assume a vertical direction, 
or it will represent that path in which the body would 
- 2g have fallen. A weight thus suspended by 
a thread, is called a Plumb-Linf,*^ Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position, 
wiat is a 100. A plumb-line is always 

Lerei Surface? perpcndicular to the surface of 
water at rest. The position of such a sur- 
face we call Lrvel. 

13*0 two plumb-lines upon the eartb*8 . surface will be 
parallel, but will incline toward each other, since no two 
bodies from difTerent points can approach the center of a 
sphere in a parallel direction. If their distance apart be 

one mfle, this inclination will amount to one minute, Fio. 26. 

and if it be sixty miles, to one degree. In Fig 26, PB 

let E E be a portion of the earth's surface, and D its ^ 

center; the bodies A, B, and C, wlien allowed to 

drop^ will fall ui the direction A D, B D, and C D. 

wiiiaii bodies, 101. As the attraction of e-^ 
SSeS^of^;: the earth acts equally and 
liuh'^^Skiye- independently on all the 
lodties? particles composing a body, 

ic is clear that they must all fall with 
equal velocities. It makes no difference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

. * Plumb Line, bo eallcjl from the Latin word plumbum, l<»d, the weight nsnally at- 
tached to the stziog. 
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If ten or a hundred leaden balls be disengaged together, they ynSi fall fn 
the same time, and if they be molded into one ball of great magnitude, it 
win still fall in the same manner. 

102. Hence all bodies under the influenoo of gravitj 
abn:3, must fajl with equal velocities.^ 

By what ex- 



periment can 



There are some familiar £]cts which seem 
to bo oppos3d to this law. When we let go 



Fia. 27. 



TTpoQ what do 
the force and 
Telocitles of 
fil'i ig tx>die8 
depend t 



jou proTe this ^ feather and a mass cf lead, the one floats 
in the air, and the other fidls to tlie ground very 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can not overcome the resistance 
offjred. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time^ 
they will fall in equal periods. Tlie experiment is easily 
shown by taking a glass tube. Fig. 27, closed at one end, and 
supplied with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously inclosed in the 
tubei The tube being filled with air, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in- 
▼oited, the feather and the metal will fall from end to end 
of the tube with equal velocity. 

103. If a man leap Srom a chaur or table, 
he will strike the ground without injury. If 
the same man leap from the top of a high 
housa, ho will probably bo killed. Tlicse, 
and many like instances, prove that the force 
with which a falling body strikes the ground depends upon 
the height from which it falls But the force depends on 
the velocity of the body the moment it touches the ground; 
therefore, the velocity with which a body fiUls depends also 
upon the height from which it descends. 



* Previona to the time of Cralileo, the philosophers mMntalned that the veloeity of a 
falling body was In proportioa to its weight, and that if two bodies of unequal weights, 
were let fall from an elevation, at the same moment, the heavier would reach the ground 
M much sooner than the lighter, as its weight exceeded it. In other words, a body weigh- 
ing two pounds would fall in half the time that would be required by a body weiehing o a 
pound. Galileo, on the contrary, asserted that the Telocity of a falling bo<!y is independaut 
of its weight, and not affected by it. The dispute running high, and the o^Liiuu of tlie 
public being generally averse to the views of Galileo, he challenged his opponents to test 
the matter by a public experiment The chnllenge was accepted, and the celebrated leaning- 
tower of Pisa i^eed upon as the placs of triaL In the presence of a larcie coneourse, tw9 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower at the same moment, and, in exact aooordanos 
with the assertions of Galileo, they both struck the ground at the same instant 
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XTov does 104. When a body falls, it is attracted bj gravity dming 

• fSuJgbody^ ^^ ^^^^^® *"°o of its falling. Gravity does not merely set 
tho body in motion and then cease, but it continues to act 
During tho first second of time, tho forco of graurity. will cause tho body to 
descsnd through a certain spaco. At the end of this time, the body would 
continue to move, with tho motion it has acquired, withont the action of any 
further force, merely on account of its inertia. But gravity continues to act, 
and will add as mucli more motion to tho falUog body during tho soconl 
second of time, as it did during tho first second, and as much again duri ; 
the third second, and so on. 

What i^ tho ^^^- ^^U^°g todies, therefore, descend to 
law of fouing tho carth with a uniform accelerated motion. 

DOuieSr 

A body falling from a height will fall 16 feet 
in the first second of time,* three times that distance in 
the second, five times in the third, seven in the fourth, 
tlie spaces passed over in each second increasing as th3 
odd numbers 1, 3, 5, 7, 9, 11, etc. 

How does tho 106. The entire space passed over by a body 
Sve?^ an'd'tht ^^ falling is as the square of the time ; that is, 
iSrbSdy wml ^^ ^^^^^^ ^^^ ^^^^ ^^ ^^1' ^^1^ through four times 
p"o' the space ; in thrico the time, nine times tho 

space. f 

The timo occupied in falling, therefore, being known, tho height from which 
a body Ms may bo colcuiatcd by tho following rulo: 

Ti-ne boil- ^^'^' Multiply t^^ square of tho number of 

givjn,howcan Bcconds of timo cousumcd in fallins:, by tho 

the height from .,i /. n • i /• 

which a body distjmce which a body will fall m one second oi 

IkllJbefouna? . . *' 

time. 

Thus, a stone is five seconds in filling fi'om the top of a prodpico ; tho squaro 
of five seconds is 25; this multipUed by IG, tho number of foct a body will 
£U1 m one second, gives 400 — tho height of tho precipice. 

now do the 108. As the cflfcct of gravity is to produce a 
timeeoiTuuSs ^^^'^rm accclcratcd motion, the velocity of a 
eprnparof falling body will increase as tho timo increase *. 

* The tpaoee described by filling bodies are here given in ronnd nambere, the fraetions 
being omitted. The space described by a falling body during tho first second is 16 1-lCtIi 
feet 

t The resistance of the air cssentiaflj niodlfles the lavs of the motions of f«IIIng bodt«^ 
as Iiore stated, a id with a certain veUicitj. wrill bceome equal to the weight of the falling 
body. After this takns place, the body will desoond with a uniform \r-locity. Th«>re 
Is, therefore, a limit to the velocity which a body cau acquire by fidling through the 
atmosphere 
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Thus, at the end of two seeonds, the velocity acquired by a falling body 
will be twice as great as at the end of one second, thrice as great at the end 
of the third second, and so on. 

noyarcbodies 109. Boclies projected directly iipwarcl, will 
wwrin1?uet!lje'd ^^ influenced by gravitation in their ascent, as 
bygrarity? y^^w r^g Jq ^Jj^Jj. desctnt, but in a reversed 
order ; producing continually retarded motion while they 
are rising, and continually increasing motion during their 
fall. • 

Thus, a body projected up perpendicularly into the air, if not influenced by 
the resistance of the air, would rise to a height exactly equal to that from 
which it must have ^llen to acquire ft final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 



Hoir can ve 
determine the 
height which a 
body projected 
upward with a 
given velocity 
willascead? 



the other. 



Htrtr do the 
iimes of ascent 
and descent 
compare f 



111. The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
waiild require to fall to the ground from that height. 

> Tlie following table exhibits an analysis of the motions of a fiiUing body; 

*tho spaces passed over in each interval of time of falling, increasing as the 
odd numbers 1, 3, 5, T, 9, etc. ; the velocities acquired at the end of each in- 
terval increasing directly as the times; and the whole space passed over being 
as the squares of the times. 



Number of Seeonds 

In J ha Fall, counted 

from R Stale of 

Real. 


Siwees fallen 
thronrli in each 


Veloci lea acquired 

at the End of 
Number of Seconds 


Total Heluht fallen 
through from Re»t 
In the Number of 




ezpressed In First 
Column. 


Seconds expressed In 
First Column. 


1 


1 


2 


1 


2 


3 


4 


4 


8 


5 


6 


9 


4 


T 


8 


16 


5 


9 


10 


25 


6 


n 


n 


SO 


T 


13 


14 


40 


8 


15 


IG 


64 


9 


17 


18 


81 


10 


13 


20 


100 



Where extreme accuracy is not required, most of the probleitfs connected 
with the descent of Ming bodies^ may be worked with great readmess — IG 
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feet, the space passed through by a foiling body in one second, being taken 
as the oommon multiple of distances and velocitie& 

Thus, to ascertain the height from which a body would fall in 5 seoondSi 
take m the fourth column of the table the number opposite 5 seconds, wliich 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Problems of this character may iJso be worked by the rule given (§ 107). 

In the same manner, if it bo required to determine the space a foiling body 
would descend through in any particular second of its motion, as, for exam- 
pb, the 5Lh second, we take in the second column' of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the product, 144, is 
tha space required. 

In like manner, if it be required to determme with what velocity a body 
would strike the ground after foiling during an intenral of 6 seconds, we take 
the number in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
velocity required; and a body thus falling for 5 seconds would have, when 
it .strikes the ground, a velocity of 160 fee^^ 

What will be ^^^' ^^ * tody, instead of falling perpen- 
tbe veioditr of dicularlj, be made to roll down an inclined 
down an In- plane, free from friction, the velocity acquired 
at the termination of its descent, will be equal 
to that it would acquire in falling through the perpen- 
dicular height of the inclined plane. 

Fio. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by fidling down the perpendicular height A C. 

113. The great Italian philosopher GaUleo, during the 
^g early part of the 17th century, had his attention directed, 
while m a church at Florence, to the swinging of the 
chandeliers suspended from the lofty ceiling. He noticed that when they 
How, and by ^®^ moved from their natural position by any disturbmg 
whoin was ttie cause, they swung backward and forward in a curve, for a 
wiJ^T longtime, and with great uniformity, rising and fellmg alter- 

nately in opposite directions. His inquiry into the cause of 
thcs3 motions led to the invention of the pendulum, the theory of which may 
be explained as follow^ 

Explain the /^^ -^^ ^^^®^ ^^ ***^^® ^^^^ motion 88 much accelerated 
theory of the /l^hilst descending a curve, as retarded whilst ascending. Let 
pendulmn. C A B be a curve, Fig. 29. If a « 

ball be placed at C, the attraction of gravitation 
will causa it to descend to A, and in so doing it 
will acquire velocity sufficient to carry it to B, 
all opposing obstacles being removed, such as 
friction and resistance of the air. Gravitation 

3* 
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Vta. SO. 

A 



/ 



How- do the 
times of the ▼!• 
brHtioas of a 
pendulum copn- 
pare with eftch 
other f 



I 



\ 



\ 



\ 




will OQoe more bring it down to A ; H wfll then riae agsUn to C, and so ooa* 
tinae to oecillate backward and forward. 

If we now suspend the ball bjr a string, or 
wire, in aoch a manner that it will awing 
fineelf, ita motions will bo the same aa that 
of the ball roUing upon the ounre. A bodj 
thus suspended is called a Pekduluit. In 
Fig. 30, D C, the part of the circle through 
which the pendulum moves, is called its arc^ 
and the whole movement of ihe ball from D 
to C is called an ascittaium./ 

115. The times of the 
vibrations of a pen- 
dulum, are very nearly 
equal, whether, it 

moves much or little ; or, in 

other words, through a greater, or less part of its arc. 

„■ , ^, The reason that a large vibration is performed m the same 

EzpIaiTi the ^ .. . .. ^ . , ^ 

remwa of tlii« tmie as a small one, or, m other words, the reason the pendu- 

!*▼• lum always moves faster in proportion as iti« joumej is longer, 

is, that in proportion as the arc described is more extended, tlie steeper are 

the declivities through which it falls, and the mora its motion is accelerated. 

Thus, if a pendulum, Fig. 30, begins its motion at D, the accelerating force is 

twice as great as when it is set free at b ; and if we take two pendulums of 

equal lengths, and liberate one at D and another at b at the same tune, thejr 

will arrive at the same moment at K 

116. This remarkable property of the pendulum enables ns 
to employ it as a register, or keeper of time. A pendulum of 
invariable length, and in the same location, will always make 
the same number of oscillations in the same time. Thus, if 
we arrange it so that it will oscillate once in a second, sixty 

of these osdllationa will mark the lapse of a minute, and 3,600 an hour. 

A conmion clock is, therefore, merely an arrangement for 
mon*ciocVi?"*" registering the number of oscillations which a pendulum 
makes, and at the same time of communicating to the pendu- 
lunit by means of a weight, an amount of motion su£Qcient to make up for 
what it iacontinnaUj losmg by fricticxi on its pcHnta of support^ and by tha 
resistance of the ah*. 

The wheels of the dock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of tlie last wheel is allowed to pass. If, now, this wheel has thirty teeth, aa 
is common in clocks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or face of a clock, with 
a hand fastened on it, this hand will be the second hand of the dock. The 
other wheels are so connected with the first, and the number of teeth so pro* 



IIow does this 
property of the 
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able U8 to reg- 
ister tUnet 
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portioned, that the 83cond one turns a.xty times slower than tiie firEt^ and 
this will be the minute hand ; a third wheel moving twelve times slower than 
the last will constitute the hour hanJ. 

How does a A watch diJers from a dock in havmg a vtftraiin^ icAcrf in- 
watch diffT Stead of & vibraUnff pendukan. This wheel, c-aUed the &a&inee- 
flrom a clock? wheels is moved hy a spring, which is always ibrdng it to a 
middle position of rest, but does not fix it there, because the velodty ao* 
FiQ. 31. quired during its appixmch from 

n „ either side to the middle position, 

carries it just as iar post on tLo 
other side, and the spring has to 
begin its work again. Tlie led- 
ance-whed at each vibration allows 
OTie tooth of the adjoining wheel to 
pass, as the pendulum does in a dock^ and the record of the beats is pre- 
served by the whecU which follow, as already explained fcr the clock. 

Fig. 31 represents the arrangement uaed to keep up the motion in a watdi. 
The barrel, or wheel A, indoscs a spring, which, when compressed by wind- 
ing up, tends to liberate itself, or unwind, in virtue of its elasticity. This 
efibrt to unwind, turns tho barrel upon its ax^ and thus, by means of a chain 
coiled round it, motion is communicated to the other wheels of the watdi. 

wiiat influ- ^^*^' ^^^ lengtli of a pendulum infltiences . 
k**hof*a e? *^® ^^™® of its vibratioD ; the lon;5cr the jjen- 
duinm on its dulum the slowcr are its vibrations. 
ti^*y ® ^ The reason why long pendulums vibrate more slowly than 

short ones b, that in corresponding arcs, or patlis, the ball of 
tho long pendulum has a greater journey to perform, without having a steeper 
line of descent /•""^ 

What to the ^ ^^^' ^^^® *^^® * pendulum rod, Fig. 32, A D, having balls 
center of oedi. itpon it at C and D, and cause it to vibrate, the ball, 6, being 
duIuniV* ^^*"' "®^'®r to **J® P®^°* o^ suspension, will tend to perform 

its oscillations more quickly than the ball C. In like '^ 
manner, every other point on tho pendulum rod tends to connplete its ? 
oscillations in a different time ; but as they are all connected together 
inflexibly, all are compelled to perform their osdllations in the samo 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of tho bq 
portions of the rod near to tho ball C. is to retard it ; therefore a point 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Center of Oa- 
ciLLATior, and the sum of the momenta of all tho portions of the ^ (S 
rod on each side of this point wiD balance. The center of oscillation 
does not correspond with the center of graritr, but is alwajrs a littlo 
below it ; the practical method of bringinor them near together, is to 
make the rod lights and the tenmnatbn of the pendulum heavy. ^ ^ 
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whydo clocks 119. As heat expands, and cold contracts 
winterlhau iS ^^^ iQctals, a pcnduluDi rod is longer in warm 
•auuner? ^v^^^ j^ (joU wcathcr ; hence, clocks gain timo 

in winter, and bse in the summer. 

Xjis the Bmallest chango in Iho length of a 
ITow are fhi / . 



1 anirea ii the ^ pendulum alters the rate of a clock, it is higliljr 



FiQ. 33. 

.4 



A 



FlO. 34. 





1-iTigth of pen- important, for the maintaining cf uniform timo, 
WrSd ?^^^' ^^^^ ^^® expansion and contraction of pendu- 
) lums, caused by changes in temperature, 

should b3 counteracted. For this purpose various contriv- 
ances have been employed. Tho one most commonly em- 
ployed at tho present timo is tho mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a gla?s jar, G II, containing mercury, inclosed in a F r--iH^^||rj ^ 
Btecl frame-work, F C D E. When tho weather is warm, tho '^'" ^ 

steal rod and frame-work expand, and thus in- 
crease tho length of the pendulum, and do- 
press tho center of oscillation. But, at the 
same t!m?, tho mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment, tho center of oscillation ia 
carried as far upward in one direction, as down- 
ward in the opposite direction, or the expansion 
in both directions is equal, and the vibrations 
of tho pendulum remain unaltered. Another form of pendu- 
lum, called the "gridiron pendulum," Fig. 34, is composed of 
rods of diflferent metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
of tho pendulum constant. ^ 

120. As the force of gravity determines how 
long the pendulum shall be in falling down its 
arc, and the time also of its rising in the op^ 
ofapeaduium? positc dircctiou (sincc the hall of the pendu- 
lum, as already stated, may he considered as a body de- 
scending by its weight on a slope), it follows, that the timo 
of vibration of a pendulum wiU vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the equa- 
tor than at the poles, because the attraction of gravitation is 
less powerful at the equator. Therefore a pendulum to vi- 
brate once in a 83cond, must be shorter at tho equator than 
at the poles. Corresponding results take place when a pen- 



How do the 
rari ifiois in 
the f)rce of 
gravity affect 
the vibmtions 



Where will a 
pendulum of a 
given length 
vibrite slow- 
est, and where 
the fastest ? 



dulum ia carried to a mountain-top, away from the center of the ©arthy which 
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is fho center of attraction, or when carried to the bottom of a mine, whero 
it is attracted both by matter above it and below it 

%\Tjat ii the 121. The length cf a pendulum that wi 1 
o3d?*'''penduI describe sixty oscillations in a minute, each - 
^'•^* oscillation having the duration of a second, 

i^, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in lialf seconds must measure 
1 r848, or rather more than 9J inches. 

./ At the polo it would require to be somewhat longer j at the equator some- 
what shorter. A pendulum that vibrated seconds at Paris, was found to re- 
quire lengthening .00 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

now may the 122. Tho Icugth of A pcudulum vibrating 
iS^^^peifduI seconds being always invariable at the same 
iTtoSdaM^rf place, since the attraction under the same 
measure? circumstauccs is always the same, it may bo 

used as a standard of measure. 

This application hasahready been described under the section Weight (§ 67). 

The duration of the oscillation of a pendulum is not afiected by altering tho 
weight of the ball, since all bodies moving over tho same space, under the 
influ3nce of gravitation, acquire equal velocities. 

How do the 123. The lengths of different pendulums, 
duiurasviCi vibrating in unequal times, are to each other 
llSii^lJmp'iS'eN ^ *^® squares of the times of their vibration. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrate 
. once in three seconds, it must have nine time» the length, etc.— the duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, G, 7, 8, g. 
The length of tho pendulum will be as th«^ir squares. 

1, 4, 9, 16, 25, 36, 49, 64, SI. 
A pendulum, therefore, that will vibrato once in nine seconds, must have 
a length of 81 times greater than one vibiating once in one second. 

PRACTICAL PROBLEMS ON THE THEORY Or FALLINa 
BODIRS. 

1. A Rtone let fall from the top of a tover stmck the earth in two lecoads ; haw high 
▼as the tower 't 

2. How- far will a T>od3r acted upon hy gravity alone, fall in ten seconds f 

3. How deep is a well, into which a stone being dropped, reaches the surface of the 
water in two seconds, the depth of the trater in the weH being ten feetf 
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4. If a bodj b« im^eetod downvmrd with a relocltj of twentj-two feet la the link wo- 
ond of time, how- far will it fall in eight Becondfl ? 
Tho mulliplo la this case will bo the disUnee fallen through ia the 11 it eccond. 
6. VrhAt spaeo wHl a body pass throagh la the fourth second of its time of falllag ? 

6. A bod J foils to the grotrad in eight seconds ; how loigo a spaeo did it pass over dur- 
ing the List second of Its descent f 

7. A body foils from a height in eight seconds ; with what Tdodty ad it strike tha 
ground? 

8. A eairaon-ball fired upward, oontlnnod to ri <e for nine seconds ; what was Its Tclod'y 
dnring the first second, or with what force was it prct}ected7 

Suppose a ballet fired upward from a gan retnmed to the earth in slsteen seconds ; 
how high did It ascend ? 

The time occupied in ascending and descending being equal, tho body roiie to such a 
height that it required eight seconds to descend from it The square of 8=G1. This 
multiplied by the space it would fall In the first second, 10 feet = 0S4 feet 

10. A bird was shot while flying in the air, and fwU to the ground in three seconds, 
now high np was the bird when it was shot? 

IL What most be the length of a pendnlnm to rlbrate once in seren seconds ? 

12. If the length of a pendulum to vibrate seconds at Washington is S9.101 inches, how 
long must it bo to yibrato half seconds ? now long to ribrate quarter soeonds ? 



CHAPTER V. 

MOTION. 



What Is Mo- 124. Motion is the act of changing place. 

^° ' If DO motion existed, the universe would be dead. There 

would bo no alternation of the seasons, and of day and night ; no flow of 
water, or change of air; no sound, light, heat, or animal existence. 

125. Motion is Absolute or Relative. 
s-iateandRei- ABSOLUTE MoTiON is a changG of position in 
space, considered without reference to any 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus tho motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting upon the deck of a vessel, while sailing, is 
an example of Belative Motion, since he is in motion as respects the land, 
but at rest as regards the parts of the vessel. Best, which is the opposite 
of motion, so far as we know, exists only relatively. Wo say a body on the 
surface of the earth is at rest, when it maintains a con<:tant position as re- 
gards some other body ; but at the same time that it is thus at rest, it partakes 
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,pf the motton 6f the earth, which is always revolving. We do not, therefore^ 
reallj know any body to be in a statd of absolute rest 

Define Uni- 126. A moving body may have a Uniform 
rtlwa MouTi' or a Variable Motion. Uniform Motion is 
the motion of a body moving over equal 
spaces in equal times. Variable Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

What is Ac 127. When the spaces passed over in equal 
StoJdId u^ times increase, the body is said to possess Ac- 
^^^^ CBLERATED MoTiON ; when they diminish, the 

body is said to possess Retarded Motion. 

A stone falling through the air is an example of Accelerated Motion, since, 
-acted upon by the force of gravity, its rate of motion constantly increases ; 
while the ascent of a stone projected from the hand, is an example of Re- 
tarded Motion, its upward motion continually decreasing. 

What is Power 128. When a body commences to move from 
JSw? ^^^^ ft state of rest, we assign some force as the 
cause of its motion ; and a force acting in such 
a manner as to produce motion, is generally termed 
* *' Power." On the contrary, a force acting in such a way 
as to retard ^ moving body, destroy its motion, or drive 
it in a contrary direction, is termed Resistance. The 
chief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 
THE Air. 

What is ve- 129. The speed, or rate, at which a body 
kctty? moves, is termed its Velocity. 

Moving bodies pass over their paths with different degrees of speed ; one 
may pass through ten feet in a second of time, and another through a hun- 
dred feet ui the same period. We say, therefore, that they have dififerent 
velodties. 

The velocity of a moving body is estimated by the Ume it occupies 'a 
moving over a given space, or by the space passed over in a given time. Th^ 
less the time and the greater the space moved over in that time, the greater 
the velodty. 

iiotr do we 130. To ascertain the Velocity of a mov- 
vXcHy" of'*! i^g tody* divide the space passed over by the 
luoviag body? ^Jjj^q cousumed iu moving over it. 
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Thtia, if a bodj mores 10 miles in 2 hours, its relodty is foimd by d!« 
riding the space, 10, by tlie time, 2 ; tlie answer, 5, gires the relocitj per 
hour. 

How oan m 131. To ascertain the Space passed over by 
ISw'^^JaBi^d a moving body, multiply the velocity by the 
inmotioQ? lime. 

Tims, if the reloctty be 10 miles per hour, and the time 16 
hoars, the space will be 10 multiplied by 15, or 150 miles. 

How iB the 132 To ascertain the Time employed by a 

hy^ "Kdy* to ^^y ^^ motion, divide the space passed over 

m^n^ ««er- l,y ^]^q vcloClty. 

Thus, if the space passed orer be 150 miles, and the re* 
locity 10 mUes per hour, the whole tune employed will be 150 divided by 
10=15 hours. 

What !■ Mo. 133. The Momentum of a body is its qnan- 
mentam? ^j|.y ^f motion. Momcntum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moving in any manner exerts a cei^ 
^Momentum.^^ *^° ^^"^^^ against &vy object with which it may come in con- 
tact, is a principle of Natural Philosophy which experience 
teaches us most frequently and most readily. The child has hardly emerged • 
from the nurse's arms, before it becomes conscious of the force with which 
it would strike the ground if it felL We take advantage of momentum, or 
the force of a moving body, in almost all mechanical operations. The mov- 
ing mass of a hammer-head drives or forces in the nail, shapes the iron, breaks 
the stone ; the force of a moving mass of water gives strength to a torrent 
and turns the wheel ; the force of^a moving mass of air gives strength to the 
wind, carries the ship over the occ>an, forces round the arms of a wind-mill. 

Is motion im. 134. When a body is caused to move, the 

?hI*^V'^ci^« motion is not imparted simultaneously to 

the'JES'^iS* every particle of the body, but at first only to 

Btantf the particles which are directly exposed to the 

influence of the force — for instance, of a blow. From 

these particles, it spreads to the rest. 

„ ^ A slight blow is sufficient to smash a whole pane of glass. 

How can you «...,,* ' .,« « . ., < • i 

illustrate this while a bullet &om a gun will only make a small round hole 

^*°'' in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that tlie 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield on its hinges to a gentle push, is not moved by a 
cannon-ball passing through it. The ball; in passmg through, overcomes the 
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whole force of coliesion among the atoms of wood, but its force acts for so 
short a time, owing to its rapid passage, that it is not sufiBcient to affect the 
inertia of the door to an extent to produce motion. The cohesion of the part 
of the wood cut out by the ball would have borne a very great weight laid 
quietly upon it; but supposing the ball to fly at the rate of 1200 feet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
for only the minute fraction of a second, its influence is not pereeived. 

It is an effect of this same principle, that the iron head of a hammer may bo 
driven down on its wooden handle, by striking the opposite end of the 
handle against any hard substance with force and speed. In this very simple 
operation, tlie motion is propagated so suddenly through the wood of the han- 
dle, that it is over before it can reach the iron bead, which therefore, by its 
own inertia, sinks lower on the handle at every blow, which drives the han- 
dle up. 

HowistbeMo- 135. The Momentum, or force, which a mov- 
blSr^'cScu- ^"g ^ody exerts, is estimated by multiplying 
^^^ its mass or quantity of matter by its velocity. 

Thus, a body weighing 10 pounds, and moving with a velocity of 500 feet 
in a second, will have a momentum of (10X500) 5,000. 

What oomiec- ^^^' ^^^ Tclocity being the same, the mo- 
toetwMn ***thS ™eii^ui^> ^^ moving force of a body, will bo 
?bJS*"*nd i^^ directly proportionate to the mass, or weight ; 
jrrfghtandve- and the mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 5 pounds* weight, move with a velocity of 
5 miles per minute, the momentum, or. striking force of each, will be 25; 
if now xhe two balls, molded into one of 10 pounds' weight, move with the 
same velocity of 5 miles per minute, the momentum, or striking force, will 
be 50, since with the same velocity the mass, or weight, will be doubled. If, 
on the contrary, we double the velocity, allowing the weight to remain the 
same, t .e same effect will be produced ; a ball of 5 pounds, with a velocity 
of 5, will have a momentum, or striking force, of 25 ; but a ball of 5, with a 
velocity of 10, will have a momentum of 50. 

How can a 137. A Small, or h'ght body, may be made 
^tiin^^miJe *o strikc with a greater force than a heavier 
J^meforeeSi body, by giving to the small body a sufficient 

large one? Vclocity. 

Illustrations of these principles are most familiar. Hail-stones, of small 
mass and great velocity, strike with sufiBcient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept- 
ible velocity, crushes in tlie side of the pier with which it comes in contact 
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SECTION I. 

ACTION AND REACTION. 

^^ ,. , 138. When a body communicates motion 
by Action and to another body, it loses as much of its own 

momentum, or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Reaction to express the 
power which the body acted upon has of depriving the 
acting body of its force, or motion. 

What is the 139. There is no motion, or action, in the 
?c°ionanditef univcrse without a corresponding and oppo- 
*®'*®°' site action of equal amount ; or, in other words, 

Action and Reaction are always equal and opposed to 
each other. 

What are n- ^^ * person preFses the table with his finger, he feels a re- 
lustraiioQB of sistanoe arising from the reaction of the t:ible, and this ooun- 
•clloa?*"**^^ ter-pressure is equal and contrary to tlie downward pressure. 

TVhen a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoil,'* to the gun. A man in rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 

To what is the 1*^' ^he quantity of motion in a body is 
SSi^ln^ii^a measured by the velocity and the quantity of 
tio^ter^"*" matter it contains. 

A cannon-ball of a thousand ounces, moving one foot per 
second, has the same quantity of motion in it as a muslcet-ball of one oucoo^ 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, in the musket-ball bemg, however, concentrated 
in a very small mass, the effect it will produce will be apparently much 
greater than that of the cannoc-ball, whose motion is diffused through a veiy 
large mass. This explanation will enable us to understand some phenomena 
which at first appear to contradict the law, that action and reaction are alwajs 
equil, and opposed to eacli other. 

Thus, when we fire a bullet fiiom a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
tlie effects of the gun are not equally apparent with those of the l>all, is that 
the motion of the gun is diffiised through a great mass of matter, with a 
small velocity, and is, therefore, easily checked ; but in the ball the motion 
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is concentrated in a veiy small compass, with a great velocity. A gon recoils 
more with a charge of fine shot, or sand, than wtth a bullet The explanation 
of this is, that with a ball the velocitj is communicated to the whole mass 
(U once^ but with small shot, or sand, the velocity communicated by the ex- 
plosion io those parUdes of the mbtiance immediately in contact with the powder^ 
is greater than that received at the same instant by the outer particles; con- 
sequently, a laiiger proportion of explosive force acts momentarily in an oppo- 
site direction. 

FiQ. 36. 



\ 




"We have an illustration of this same principle, when we attempt to drive a 
nail into a board having no support behind it, or not sufficiently thick to offer 
the necessary resistance to the moving force of the hammer, as is repre- 
sented in Fig. 35. The blows of the hammer will cause the board to unduly 
yield, and if strong enough, will break it, but will not drive in tlie nail. The 
object is attamed by applying behmd the board, as in Fig. 36, a block of wood, 

FiQ. 3G. 
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or metal, against which the blows of the hammer wfll be directed. Bj 
adopting this plan, however, no increased resistance is opposed to the blows 
of the hammer, the momentum, or moving force of which is equally imparted 
in both c^ses ; but in the first case, the momentum is received by the board 
alone, which, having little weight, is driven by it through so great a epaco 
as to produce considerable flexure, or even firacture ; but in the second case, 
the same momentum being ^ared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board alone. 
The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the 8le<^ its downward motion 
upon the body of the exhibitor will be 100 times less thkn the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
so slight a movement, and also resisting it by means of the elasticity of the 
body, derived from its peculiar position, escapes without injury. 

When is the 141. When two bodies come in contact, the 
SSiM°B^id'to collision is said to be direct, when a right line 
be direct? passing through their centers of gravity passes 
also through the point of contact. 

The center of gravity m such cases corresponds with the center of col- 
lision ; and if such a center come against an obstacle, the whole momentum 
of the body acts there, and is destroyed ; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two in- 142. When two non-elastic bodies, moving 
^melnto^SS! J° oppositc dircctions, come into direct collision, 
JJ^'*/^***''^ they will each lose an equal amount of mo- 
mentum. 

* Hence, the momentum of both after contact, will be equal to the difference 
(of the momenta of the two before contact, and the velocity after contact will 
be equal to the difference of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, ^dll be the difference of the two momenta^ or 12 ; and the velocity of 
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the mass will be its momentum divided hj the quantity of matter, or 1 2 di- 
vided by 6, which is 2.* 

If two non-elastic bodies, as A and B, Fig 37, be suspended from a fixed 
point, and the one be raised toward Y, and the other toward X, an equal 
amount, they will acquire an equal force, or momentum, in falling down the 
Expiainthcre. arc^ Provided their masses are equal j y^^ 3^^ 

salts of the col. and wiU by contact destroy each 
licbodiii^"" <>*^«r'8 motion, and come to rest. 
If their momenta are unequal, they 
.will, after contact move on together, in the direction 
of the body having the largest quantity of motion 
with a momentum equal to the difference of the 
momenta of the two before collision. 

143. The force of the 

shock produced hy two 

equal bodies coming in»S 

contact with equal velocity, 
will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustaiu as much shock from reaction as from ac- 
tion. 

if a person running, come in contact with another who is 

standing, both receive a certain shock. If both be running 

at the same rate in opposite directions, the shock is doubled. 



To what will 
the shock of 
eolliBionoftwo 
bodies coming 
in coMtact be 
equiyaleat ? 



Zllufftrate this 
priaciple. 



Fig. 38. 



In combats of pugilists, the most severe blows are 
those struck by fist against fist, for the force sustained 
by each in such cases, is equal to the sum of the 
forces exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 miles per 
hour, come in collision, the shock will be the same as 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of ^ 
bldyVomw* ?a ^ome non-elastic substance, as clay or ' 
contact with putty, by strings, so that they can 
another at rest, "^ - , j „ e ^v. 

▼bat occurs? move freely, and allow one of the 

balls to fall upon the other at rest, it will communicate to 
it a part of its motion, and both balls, after collision, will move on together. 

• This whole snl^ect, asaally considered dry and uninteresting, will be found to possess 
a new interest, if the student will make himself a few simple experiments, by suspending 
leaden balls by the side of a graduated are, as in Fig. 87, and allov them to fall under 
different conditions. The length of the arc through which they fall will be found to be 
■n exact measure of the force with which fhey will strike. 
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The quantity of motion will remain unchanged, the one having gained as 
much as the other has lost; so that the two^ if equal, will have half the ve^ 
locity after collision that the moving one had when alone. Fig. 38 represents 
two bails of clay, K and D, non-elastic, cf equal-weight, suspended by Etringa 
If the ball D be raised and let fall against the ball E, a patt of its motion wiU 
be communicated to K, and both together will move on to « d 
When tvo ^^^* ^^ ^® suspend two balls, A and B, Fig. 39, of some 

ri »«tlc bodi(>fl elastic substance, as ivory, and allow them to fell witli equal 

r me i^to cftl- , ,.. -. ^ ,^ , 

1. ion, what 00- masses and velocities from the pomts X and Y on the arc^ 
^ *"' they will not come to rest after collision, but will recede 

fioni each other with the same velocity which each Fio. 39. 

had before contacL 

The reason of this movement in ^=*= 
highly elastic bodies^ contrary to 
what takes place in non-elastic 
bodies, is this: the elastic sub- 
stances are compressed by the force 
of the shock, but instantly recover- 
ing their former shape in virtue of their elasticity, 
they spring back, as it were, and react, each giving 
to the other an impulse equal to the Ibrce which x T^ 

cau5»ed its compression. •^^^Cct^SSjJJ^^^ 

Supposs the ball A, however, to strike upon the '^S^^^^pT^* 
ball B at rest ; then, after impact, A will remain at 

rest, but B will move on with the same velocity as A had at the moment of 
contact In this case the reaction of elasticity causes the ball A to stop, and 
the ball B lo move forward with the motion which A had at the instant of 
contact 



Whftt oeea. 
Bions the dif- 
ferenre H the 
resiil'^8 of the 
coIliKion of 
el istie ind non- 
eLutic bodies? 



Fig. 40. 
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The same feet may be illustrated 
by suspending a number of elastic 
balls of equal weight, as represented 
in Fig. 40. If the ball H be drav\Ti 
out a certain distance, and let fall 
upon G, the next in order, it will 
communicate its motion to O, and 
receive a reaction from it, which will 
destroy its own motion. But the 
ball B can not move without moving 
F; it will, therefore, communicate 



the motion it received from G to F, and receive from F a reaction which will 
stop its motion. In like manner, the motion and reaction are received by each 
of the balls E, D, C, B, A, until the lost ball, "SL is reached ; but there being 
no ball beyond 7i to act upon it, K will fly off as fer fiom A, ad H was 
drawn apart fix>m G. 
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SECTION II. 



dencaf 



flection? 



REFLECTED MOTIOK. 

What i% Re- 146. When any elastic body, as an ivory 
fleeted Mouon! ^y.^^^ jg HirowD agaiost a hard smooth surface, 
the reaction will cause it to rebound from such surface, 
aud the motion it receives is called Reflected Motiov. 
In irhat man. l^^.** If the ball be projected perpendicu- 
moving*^y Inrly, it will rebound in the same diiection ; 
be reflected r jf jjj ]jq projected obliquely, it will rebound 
obliquely in an opposite direction, making the angle of 
incidence equal to the anj^le of reflection. 
,^ , . ,^ 148. The Angle of Incidence is the angle 

What !s the i i t i- /• • • i • t 

Angle of lodr formed by the line of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Reflection is the 
What Is the an^le formed by the line of reflection with a 

Anrle of Re- ° ,. . "^ . _ 

periiendicular to any given surface. 
FiO. 41. Thus, in Fig. 41, let B E be a smooth, flat 

surface. If the ball, A, be projected, or thrown 
J. upon this surface, in the direction A C. it will 
rebound, or be reflected, in the direction C F. 
In this case, the line A is the line of inci- 
dence, and the angle A C D, which it makes 
with a perpendicular D C, is the angle of inci- 
dence. In like manner the Hoe C F is the lino 
of reflection, and the angle D C F the angle of 
reflection. If the ball be projected against the surface, B 0, in the direction 
i) G, perpendicular to the sur&ce, it will be reflected, or rebound back in the 
same straight line. 

150. The Angles of Incidence and Re- 
flection are always equal to one another. 

Tlius, in Fig. 41, the angles A C D and F C D are equal. 

151. An Axgle is simply the inclination of 
the lines which meet each other in a point. 

lueisedepend! rpj^^ gj^g of the angle depends upon the open- 
ings or inclination^ of the lines^ and not upon their length. 




What propor- 
tion eziste be- 
tween the an- 
g1 >^ of incidence 
ai.d reflection? 

Wh'^t !< an 
Angle, end np- 
on wh«t doen 
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In vhat <»n- Tho skill of the player of billiards and bagatello depends 
of theGamuof upoQ Ilia dexterous appUcation of the principles of incident 
IttUUrds 1 ||Q(j reflected motion, which he lias learned by long-continued 

experience, viz., that the angle of incidence is always equal to tho anglo 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillfiil reflection of billiard balls is given in Fig. 42, which rep- 
resents the top of a billiard-table. The ball, P, when struck by tho stick, Q, 

Fio. 42. 




is first directed in the line P 0, upon the ball P', in such a manner, that being 
reflected from it, it strikes the four sides of the table successively, at the points 
marked 0, and is finally reflected so as to strike the third ball, F\ At each 
of the reflections from the ball P', and the four points on the side of the table^ 
the angle of incidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic lx)dies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a bullet much more ef- 
fectually than a plate of iron, from its deadening^ as it is popularly called, the 
force of the blow. 



Why are Im* 
perfectly elas- 
tic bodies p<cu- 
linrly fitted to 
pppose and de- 
stroy momea- 
tum? 



SECTION III. 

COMPOUND MOTION. 

What is Sim. 153. A body acted upon by a single force, 
pieMottofl? moves in a straight line, and in the direction 
of that force* Such motion is designated as Simple Mo- 
tion. 
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ranstrate Sim- ^ ^^^ floating upon the water is driven exactly south by 
pie Motion. , a wind blowing south. A ball fired from a cannon takes the 
exact direction of the bore of the cannon, or of the force 
which impels it. 

What is Com- 154. When a body is acted upon by two 
pound Motion? f^^ces at the same time, and in diflferent di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

What is the ^^^' ^^^ course in which a body, acted 
bod'^acte'd u * ^P^^'i ^7 two or morc forces, acting in different 
on by two directions, will move, is called the EESULTAi^T, 

forces called ? i -r» i • t^ • • 

or the Resultmg Direction. 

Pi(j, 43, In Fig. 43, if a body, A, be acted upon 

, at the same time by two forces, one of 
which would cause 4t to move in the di- 
rection A Y, over the space A B, in one 
second of time, and the other cause it to 
move in the direction A X, over the space 
A C, in one second ; then the two forces, 
acting upon it at the same instant, will 
cause it to move in a Resultant Direction, 
A D, in one second. This "direction is the 
diagonal of a parallelogram, which has for its sides the lines A B, A 0, over 
which the body would move if acted upon by each of the forces separately. 

. 156. The operations of every-day life afford numerous exam- 

miiiar Exam- ples of Resultant Motion. If we attempt to row a boat across 
SS^MoiSm ?^*" ^ rapid river, the boat will be subjected to action of two forces; 
viz., the action of the oars, which tend to drive it across the 
river in a certain time, as ten minutes, in a straight line, as from A to B, Fig. 
43, and the action of the current, which tends to carry it down the stream a 
certain distance in the same time, as from A to C. It will, therefore, under 
the influence of both those forces, move diagonally across the river, or in the 
direction A D, and arrive at D at the expiration of the ten minutes. "When 
we throw a body from the deck of a boat In motion, or from a railroad car, 
the body partakes of the motion of the boat or the car, and does not strike at 
the point intended, but is carried some distance beyond it For the same rea- 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object. 

157. The principles of the composition and 

What is the - . n fm , /* 

Science of Pro- resolutiou 01 different forces acting upon a 
*"* body to produce motion, constitute the basis 
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of the Science of Piiojectili::s, or that clepartment of 
Natural Philosophy which considers the motioi> of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

whnti^pro- 1*^8. A Projectile is a body thrown into 
jeoaie? ^jjg air in any direction ; as a stone from the 
Lindy or a ball from a gun, or cannon. 

What is the dl- ^^ ^® project a body perpendicularlj downward, or upward, 
r.cMon of a it will move in a perpendicular line with a uniform accelerated 
obUQaeW™^^ or retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But if a body is 
thrown in a direction oblique to the perpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward in a straight line, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
fjre, of following the direction of the projectile force, the path of the body 
will be a curvei the resultant of the two forces. Such a curve is called a 
Pajusola. 

If a cannon-ball is fired from A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A C; 
and although it has been moving on- 
ward f>om the impulse it has received 
from the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point C, as if the ball had been allowed to drop from the hand at A, 
and fall to B. 

159. If a ball be projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 
a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
of projection. 

The same fact may be strikmojly illustrated by placing a number of marbles 
at unequal distances from the edge of a table and sweeping them off with a 
rnler, or stick : those which are rolled along the f irthest will be projected the 
farthest; yet all will strike the floor at the same time. 

* The thoorotisal latrs coVoralns tho motion of projeetiles, m herewith siren, ora la 
pnttttiea essentially modUled by t2M sesistaaca «f ti»9 air* 




What effect has 
the projectile 
force on the 
action of grav- 
ity f 
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Fig. 46. 



(^ 



What la fbe 
Range of a 
ProJectUeP 



Fio. 45. Supposo from tho point A, Fig. 45, about 240 feet 

above the cartli, a ball to b3 projected in a perfvCtly 
horizoQtal line, A B ; instead oi' traversing this lino, 
it would, at the cn^ of the first second, be found 
that tha ball had fallen 15 feet, at tho same time it 
had moved oftward in the direction of B. Its trua 
position would be, therefore, at a; at the end of tho 
second second, it would have passed onward, but 
have fallen to &, 60 feet beloTv the horizontal line; 
and at the end of the third second, it would havo 
fallen 135 feet below the line, and be at c; and thus 
it would move forward and reach the earth at d 240 feet, in precisely tho same 
time it would have occupied in Ming from A to C. 

An oblique, or horizontal jet of water, is an 
instance of the curve described by a body act- 
ed upon by gravity and the force of projection. 
See Fig. 46. 

160. The Eange of 
a projectile, is tho 
horizontal distance to 
which it can be thrown. 

Ho^can the 161. AcCOrding tO 

greatest when the angle t:^ 
of elevation is 45'' ; and is the same for elevations equally 
above and below 45'' ; as lor example 70° and 20°, See 
Fig. 47. 

These conclusions are, however, found to 
be esentially modified in practice by the 
resLstancd of the air, which not only changes 
the path but the velocity of the projectila 
With great velocitios, as in the case of a 
cannon-ball the greatest range corres- 
ponds with an elevation of about 30^, but 
for slow motions it is near 45°. 

162. The laws of 
projectiles are es- 
pecially regarded in t 
the art of gunnery. 
By knowing the force of tlie powder which drives the ball, 
the engineer is enabled to direct the cannon, or mortar, 
in such a manner as to cause the ball^ or bomb, to fall 




Fig. 47. 



Hiw are the 
Lavrs of Pro- 
jectiles practi- 
C.1II7 applied 
1 1 military ea« 
gineerijg t 
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upon a particular spot in the distance ; thus producing a 
f desired effect without a wasteful expenditure of ammuni- 

{ ticn. 

I Fig. 4a 




Pig. 48 represents a bombardment, and the three lines indicate the curves 
made bj the balls. If the bombardment had been conducted from an eleva- 
tion, instead of the level surface, the balls would have gone beyond the city, 
as shown by the iamiliar fact, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plain, or 
bvel ground. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of live miles, and from a greater elevation, the balls could have been 
thrown to a still greater distance.* 

• The following facts respecting the explosive force of gunpowder, and its application to 
projectiles, will be found interesting and instructive in this connection. The estimated 
force of gunpowder when exploded, is at least 14,750 pounds upon every square inch of 
the surface which confines it Count Rnmford showed, by his experiments made about 
60 years ago, that if the powder were placed in a close cavity, and the cavity two thirds 
filled, its dimensions being at the same time restricted, the force of explosion would ex- 
ceed 160,000 pounds upon the square inch. 

The force of gunpowder depends upon the fact, that when brought in contact with any 
ignited substance, it explodes with great violence. A vast quantity of ffoa^ or elastic fiuid, 
is emitted, the sudden production of which, at a high temperature, is the cause of the 
violent effects which are produced. 

The reason that gunpowder is manufactured in llttie grains, is that it may explode more 
quickly, by facilitating the passage of the flame among the particles. In the form of dust, 
the particles would be too compact. 

The velocity of balls impelled by gunpowder from a musket with a common charge, has 
been estimated at about 1,650 feet in a second of time, when first discharged. The utmost 
Velocity that can be g^ven to a cannon-ball is 2,000 feet per second, and this only at the 
moment of its leaving the gun. t 

In order to increase the velocity from 1,653 to 2,000 feet, one half more powder is re- ; 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
600 yards, the greatest velocity that can be obtained is only 1,200 or 1,300 feet per second. 
Great charges of powder are, therefore, not only useless, but dangerous : for, though they 
give little additional force to the ball, they hazard the lives of many by their llibility to 
burst the gun. The velocity is greater with long than with short guns, because the influ- 
ence of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the elastic fiidd generated by the explo- 
sion of the powder as completely as possible, and to direct the course of th/s haJX in a 
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According to the laws which govern the motion of project- 
^?^b?^ed ^^ ^* ^ evident that a gun must be aimed, in order to hit 
to hit an ob- an object, in a direction above that of the object, more or less, 
iStauTO f^^'*** according to the distance of the object and the force of the 
charge. With an aim directed, as in Fig. 49, at the object^ 
the ball, moving in a curved path, must necessarily fall below it. 

straight, or rectilinear path. A rifle sends a ball more accurately than a musket, because 
the ball Is in more accurate contact with the sides of the barrel than in the case of a com. 
mon musket The space produced by the difference of diameter between the ball and the 
bore cf the gun, greatly diminishes the effect of the powder, by allowing a part of the 
ebstic fluid to escape before the ball, and also permits the ball to deviate from a straight 
line. The peculiarity and superiority of the new rifle, called the " Mini6 rifle,** is to be 
found in the construction of the ball, which, by the act of firing, is made to fit completely 
the barrel, or bore, of the gun. This is accomplished by making the ball of an oblong 
shape and a coTUcal point, with an opeai:ig in the base extending up for two thirds the 
length of the balL Into the opening of this internal cylinder there is placed a small eon- 
cave eection cf iron, which the powder, at the moment of firing, /orces into the leaden 
baU with great power, epreading it open, and causing it to fit tighUy to the cavity of the 
barrel in its course out, thus giving it a perfect direction. 

Cannon of different sizes are named according to the weight of the ball which they are 
capable of discharging. Thus, we hr.ve C8-poundcrs, 24-pounders, ISpounders, and the 
lighter field-pieces, Arom 4 to 12-pounders. The quantity of powder generally used for 
discharging common iron or brass cannon, is one third the weight of the balL In gen. 
eral warfare, the effective distance at which artillery can be used la from 600 to eOOvardSt 
or from a quarter to half a mile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile fh>m each other. Cannon-balls and shells can be thrown 
vith effect to the distance of a mile and a half to two miles. 

The distance to which a ball may be thrown by a S4-pounder, with a quantity of powder 
equal to two thirds the weight of the ball, is about four utiles. Its effective range is, how- 
ever, much less. Were the resistance of the air entirely removed, the same ball would 
be thrown to about five times that distance, or twenty mileSb 

It has been found that, by the firing of an 18-pound shot into a butt, or target, made of 
beams of oak, when the charges were G pounds of powder, ^pounds, impounds, and 1 
pound, the respective depths of the penetration toere 42 inches, 30 inches, 23 inches, and 
15 inches; and the velocities at which the balls flew, were 1,C00 feet in a second, 1,140 
feet, \,OUfeet, and CS^fest. 

When the cannon is so pointed that the ball goes perfeeUy straigfU toward the ol^ect 
aimed at, the direction is said to bo point-blank. Ricochet firing is when the ball is dis- 
charged in such a manner that it goes houndiTig and skipping along the surface of the 
ground. In this way a ball can be thrown more effectively, and for a greater distance, 
than in any other way. 

There are several substances known to chemists which possess a greater explosive 
power than gunpowder. It has not, however, been considered possible to increase the 
range and effect of a projectile fired from a gun, or cannon, by using any of them. Sup- 
posing that the guns could be made indefinitely strong, and the gunpowder indefinitely 
powerful, the point would soon be reached where the retistanee wMch the air opposes to 
a body moving very rapidly would balance the force derived from the explo8i>e compound, 
which drives the projectile forward. Beyond this point no increase of impulsive force 
would urge the projectile farther ; and this limit is considerably within the range of 
power that can be exercised by common gnnpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fully demonstrated tliat 
the largest piece of ordnance wliich can be cast perfect, sound, and tree from flaws, is a 
mortar 13 inches diameter; and even this weighs five tons. The French, at the siege of 
Antwerp, constructed a mortar having a bore of no less than 20 inches diameter, but Ik 
burst on the ninth time of firing. 
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UntU qtdte reoently, the muskets placed in the hsnds of soldiers were usu- 
all/ aimed so that the line of sight was parallel to the barrel, aod directed o 
the object, as in Fig 49. So long as the range of the musket was of limit., d 
extent, and great precision was not expected, the deviation of the ball fh)m 
ft straiglit line was not taken into aooount; but with the introduction of rifles 
throwing a ball to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was found to deprive the weapon cf 
the ncccssarj precision. On all modem guns, therefore, a double sight is 
provided, bj which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig 50, where one of the sights^ 
B, is fixed, in the usual manner, at one extremity of the barrel, while tlie 
otlier is located nearer the breach. This last sight is often graduated aoil 
provided with an adjustment, by whk:h it can be adapted to objects at ddC* 
ferent distances, so as to hit them exactly. 

Fio. 60. 




\niat u cir. 16^* CiBCULAB MoTiON is the motion pro- 
euiar Motion? {[xiced by the revolutiou cf a body about a 
central point. 

j^ 164. Circular Motion is a species of com- 

lar Motion prol pound Hiotion, and is caused by the continued 
"^ operation of two forces ; — one the force of 

projection, which gives the body motion, tends to causa 
it to move in a straight line ; while the other is continually 
deflecting it from a straight course toward a fixed point. 

innstrate the '^'^ ^^^ ^* illustrated by the common sling, or by swinging 
prortoctlon of a heavy body attached to a string round the head. The body, 
circular Mo- i^ ^jjjg ^j^^g^ moves through the influence of two forces, the 
force of projection, and the string which confines it to the 
hand. These two forces act at right angles to one another, and according to 
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*h© statements already made (5 155), the path, of the moving body will bo a 
rasultant of the two tbrcas, or tha diagonal of a parallelogram. 
Hovr may the ^^^ *'^^°' ^* ^^^ ^^ asked, does the body attached to the 
curve of a cir- String and whirled round tlie Lead, move in a circle ? Ti.ia 
eied^fa oquiva- ^^ ^ ''*®^^» ^ ^^® consider tliat a circle is made of en in- 
lenc to the finite number of httie straight lioes (diagonals of paralklo 
pjuSielosram* grams) and that the body moving in it, has its motion bent 
at every stop otiti progress ly tho action cf the force which 
confines it to tho band This force, however, only keeps it within a ecrta'n 
distance, without drawing it nearer to tho hand. The two forces cxaci / 
balancing each other, the course of tho wliirling body will b p circu lar. 
What are the l^o. The two fofces by which ciicuhir mo- 
ww.hpiSdSce t'o° 's produced, aio called the Centrifugal*^ 
uS''i!aiedV**' and Centripetal Forces.f 

166. Tho Centrifugal Force is that force 
StusoifSw'? which impels a body moving in a curve to 

move outward, jor fly off from a center. 

167. The Centripetal Force is that force 
tiipetai Force? which draws a body moving in a curve toward 
the center, and assists it to move in a bent, or curve linear 
course. In Circular Motion the Centrifugal and Ceulri- 
petal Forces ar^ equal, and constantly balance ea'jh other. 

If ;h3 Centrifugal Force of a body revolving in a circular 
yjhe Ueiitrf' P^^^ ^^ destroyed, the body will immediately approach tho 
fagal or Cei- center ; but if tha Centripetal Force b3 destroyed, tho boJy 
wo a^MtroyS' will fly off in a straight lino, called a tangent. 

Thus, in whirling a ball attached by a string to the lin- 
ger, th3 propelling force, or tha forc3 of projection, is given by the hand, and 
Flo. 51. *'^*® Centripetal Force is exhibited in the etretching, or 

tension of the string. If tho string breaks in whirling, 
the Centripetal Force no lon.s^r acts, and the ball, by 
tlie action of tho Centrifugal Force, pcncratcd by tho 
whirling motion, flies off in a tangent, or straiglit lino, 
as is represented in Fij?. 51. If, on the contrary, Iho 
whirling motion is too alow, the Centripetal Force pr> 
ponderates, and the ball fai:s in townrd the fmgcr. 
Familiar examples of the effects of Centrlfug^ Force 
pre common in the experience of every-day life. 

^, ^ The motion of mud flyinor from the rim of a coach- wheel, 

mnar linsra- moving rapidly, is nn illustration of Centrifuccal Force. Fig. 

^g!a Forced*' ^- represents a conch-wheel throwing off mud ; a the point at 

which the mul flies off; a 6, the straight line in which it 

• Centrl''ug-'l, oom!>oan(1e<l 0' center, and "/vjrfV to Hy ofL 

t Centripetal, compounded of center and **psto^* to seek. 
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'woald move bat for the action of the two forces, which compel it to follow 
the parabolic carve, a c. 

Fia. 52. 




The mad sticks to the wheel, in the first instance, throagh the force of ad- 
hesion ; but this force, being very weak, is overcome by the Centrifugal Force, 
and the particles of mud fly off. The particles which compose the wheel it- 
self would also fly off in the same mamner, were not the force of cohesion 
which holds them together stronger than the Centrifugal Force. 

The Centrifugal Force, however, increases with the velocity 
of revolution, so that if the velocity of the wheel were contin- 
ually increased, a point would at last be reached, when the 
Centrifugal Force would be more powerful than the force of 
cohesion, and the wheel would then fly in pieces. In this 
way almost all bodies can be broken by a suflBcient rotative 
velocity. Large wheels and grind- 



Under what 
circamstauces 
wOl the Cen- 
trifugal Force 
overcome the 
Force of Cohe- 
sion f 



Fig. 53. 




Stones, revolving rapidly, not infre- 
quently break from this cause, and the 
pieces fly off with immense force and 
velocity. 

When we whirl a mop, the water 
flies off from it by the action of the 
Centrifugal Force. The fibers, or 
threads, which compose the mop, also 
tend to fly off, but being confined at 
one end, they are unable so to do. 
They, therefore, assume a spherical 
form, or shape. 

The fact that water can be made to 
fly off from a mop, by the action of the 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a machmo for drying cloth, called 
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Fig. 54 



the hydro-extractor (water-extractor), Fig. 53. The machine consists of a 
large hollow wheel, or cylinder, A A, turning upon an axis, B. The sides 
and bottom of the wheel are pierced wi:ii holes like a 
sieve. The wet cloths being in and around the sidcs^ 
A, the wheel is caused to revolve with great rapidity, and 
the water contained in the material, by the action of the 
Centrifugal Force, flies out, and escapes through the 
apertures left .in the sides of the wheel A rotation 
of 1500 times per minute, is sufficient to almost en- 
tirely dry the cloth, no matter how wet it may have been 
originally. 

When a bucket of water, attached to a string, is 
whirled rapidly round, the water does not fall out when 
the mouth is presented downward, since the Centrifugal 
Force imparted to the water by rotation, tends to cause 
it to fly ofif from the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54, the water contained in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would fall out by its own weight, or, in 
other words, by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Force, 
which is caused by the whirling of the bucket in the di- 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains its 
place, and not a drop is spillecL 

When a carriage is moved rapidly round a corner, it is 
very liable to be overturned by the Centrifugal Force 
called into action. The inertia carries the body of the 
vehicle forward in the same line of direction, while the 
I wheels are suddenly pulled around by the horses into a 
' new one. Thus a loaded stage running south, and sud- 
denly turned to the east, throws out the luggage and 
passengers on the south side of the road. When railways form a rapid curve, 
the outer rail is laid higher than the inner, in order to counteract the Centri- 
fugal Force. 

An animal, or man, turning a comer rapidly, leans in toward the comer or 
center of the curve in which ho is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw him away from the center. 

In all equestrian feats exhibited in the circus, it will be observed that not 
only the horse, but the rider, inclines his body toward the center, Fig. 55, and 
according as the speed of the horse round tlie ring is increased, this inclina- 
tion becomes more considerable. When the horse walks slowly round a large 
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ring thia ineliiiation of his body is imperceptible ; if he trot, there is a visibla 
inclination inward, and if he gallop, ho iudines still more, and when urged to 
fiill speed he leans very far over on his side, and his feet will be heard to 
strike against the partition which defines the ring. The explanation of all 
this is, that the Centrifugal Force caused by the rapid motion around the 
ring tends to throw the horse out o^ and away from, the circular course, and 
this he counteracts by leaning inward. 

Fia. 55. 




Hoir do the 
motions of the 
■olarsTstem il- 
lustrate the ac- 
tion of Oentri- 
fngal and Cen- 
tripetal Forces f 



The most magnificent exhibition of Centrifugal and Centri- 
petal Forces balancing each other, is to be found in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — the sun, with immense veloci- 
ties, and are constantly tending to rush off into space, by the 
action of the Centrifugal Force. They are, however, restrained 

within exactly determined limits by the attraction of the sun, which acta 

as a centripetal power drawing them toward the center. 

What is the 168. The Axis of a body is the straight line, 
Axisof a body? j^^j ^j. imaginary, passing through it, on which, 
it revolves, or may revolve. 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a revolving body increaf^es 
with its perpendicular distance from the axis, 
and as its velocity increases, its Centrifugal Force in- 
creases. 

A moment's reflection will show, that a point on the outer part, or rim, of 
a wheel, moves round the axis in the same time as a point nearer the center, 
as upon the hub. But the drcle described by the revolution of the outer part 



When a body 
rcTolres ronnd 
Its Axis, what 
peeiiliaritios 
do its ser^ral 
parts exhibit? 
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of the wheel is mach larger than that described by tho inner part, and as 
both move round the center iu the same time, the outer part must move with 
a greater velocitj. 

170. If the particles of a rotating body have 
freedom of motion among tiiemselves, a change 
in the figure of the body may be occasioned by 
the difference of the Centrifugal Force in tho 
different parts. 

. A ball of soft day, with a wire for an axis, forced through its center, if made 
to turn quickly, soon ceases to be a perfect, ball It bulges out in tho middle, 
wlicro the Centrifugal Force is, and becomes flatlened toward the ends, or 
where the wu:e issues. 
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This change in the form of 
revolving bodies may be illus- 
trated by an apparatus repre- 
sented in Fig. 56. This con- 
sists of an elastic circle, or hoop, 
fastei\^ ai the lower side on a 
vertical shaft, while the upper 
side is free to move. On turn- 
ing the wheels, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to tho 
Centrifugal Force acting with 
greater intensity upon those parts furthest removed from the axis) and to be- 
come flattened at the ends. 

What th ^^^' ^*^® ^^^^ itself is an example of the operation of Ibis 

cau4 of the force. Its diameter at the equator is about twenty-six miles 
of Ute earthT* greater than its polar diameter. The earth is supposed to 
have assumed this form at the commencement of its revolu- 
tion, through the action of the Centrifugal Force, whila its particles were in a 
semi-fluid, or plastic state. In Fig. 57 wo • pj^i^ 57^ 

have a representation of the general figure of 
the earth, in which N S is the polar diameter, 
And also the axis of rotation, and E W the 
equatorial diameter. 

ivfc * I th ^"•^- -^* *^® equator the 

jTountof cen- Centrifugal Force of a particle 
Wppui Force ^f matter is l-290ths of its 
at the equator? ^^^.^^ This ditninlslies as 

Ire approach t' e poles, where it becomes 0. 
If the earth revolved 17 times faster than 
it riow does, or m 84 minutes instead of 24 
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Whatwoaidbe hoora, the Gentrifagal Force would be equal to tho attraction 
▼jl'icity'of rtv ©^ gravitation, wiiieh may bo considered as the Centripetal 

tatio I of the Force, and all bodies at the earth's equator would be deprived 
earth were in- « . , ^ • , , , , , ^ . 

creased t of weight, Since thej would have as great a tendency to leave 

the surface of the earth as to descend toward its center. If 
the earth revolved on its axis in less time than 84 minutes, terrestrial gravita- 
tion would be completely overpowered, and all fluids and loose substances 
would fiy from its surface. 

173. There appears to be a constant tendency to rotary 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown from 
the hand, all revolve around their axes as they move. 

FiO. 68. This phenomenon may be veiy 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glass, Fig. 58, moistened suf- 
ficiently to insure slight adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
Vjm of the inclined plane, it will exhibit a revolving motion, which uniformly 
increasss with the acceleration of its downward movement. 



PRACTICAL QUESTIONS AND PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

1 The BimrAOB of the xabth at the equatob moTes at the rate of ahout a thottsastd 
HiLBS ia an uoub : why are men not seiiBible of this rapid moTement of the earth ? 

Because aU objects about the observer are moving in common with him. It 
is the natural uniformity of the undisturbed motion which causes the earth 
and all the bodies moving together with it upon its surface to appear at 
rest 

2. Haw ean yoa easily see tha^the ^Afira is in motion ? 

By lookuig at some object that is entirely unconnected with it, as the sun 
or the stars. We are here, however, liable to the mistake that the sun or 
stars are in motion, and not we ourselves with the earth. . 

3. Does the Bux really bibs and bet each day ? 

The sun maintains very nearly a constant position ; but the earth revolves, 
and is constantly changing its position. JReaUy^ therefore^ the sun neither rises 
nor sets, 

4 Why, to a pebsox bailinq in a boat on a smooth stream, or ooino bwiptlt in a 
OABBiAQE on a smooth road, do the trees or buildings on the banks or roadside appear to 
move in an ofpobitb dibbction ? 

The relative situation of the trees and buildmgs to the person, and to each 
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other, 13 actually changed by the motion of the observer ; but the mind, in 
judging of the real change in place by the difference in the position of the 
objects observed, tmcanseiously confounds the real and apparent motion. 

5. Why "Will a tallotr candle fired from a gun pierce a board, or target, in the same 
manner as a leaden bullet will, under the same circumstances f 

TVhen a candle starts fh)m the breach of a gun, its motion is gradually in- 
creased, until it leaves the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of great 
T locity. At the moment of contact, the particles of matter composing the 
ta.gct are at rest ; and as the density of the candle, multiplied by the velocity 
of its motion, is greater than the density of the target at rest, the greater force 
overcomes the weaker, and the candle breaks through and pierces a hole in 
the board. 

6 Why, with an enormous pressnre and slow motion, can you not force a candle 
through a board t 

Because the candle, on account of its slow motion, does not possess suffi- 
cient momentum to enable the density of its particles to overcome the greater 
density of the board; consequently the candle itself is mashed, instead of 
piercing the board. 

7. Why will a large ship, moring toward a wharf with a motion hardly perceptible, 
crush with great force a boat interyening f 

Because the great mass and weight of the vessel compensates for its want 
of velocity. 

8 Why can a person safely skate with great rapidity over ice which would not bear 
bis weight standing quietly t 

Because time is required to produce a fracture of the ice; as soon as the 
weight of the skater begins to act upon any pointy the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, he 
passes off from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. A HKAVT coAcn and a light v agox came in eollision on the road. A suit for 
damages was brought by the proprietor of the wagoo. How was it shown that one of the 
VJSUICLE8 was moving at an unsafe vclocitt? 

On trial, the persons in the wagon deposed (hat (he ahock^ occasioned by 
coming in contact, was so great, that it threw (hem over the head of their horse; 
and thus lost their case by proving that the faulty velocity was their own. 

10 Wliy did the fact that they were titbowk over the head of the bobsb by coming 
in contact with the coach, prove that their velocity was gbbateb than it ought to have 
been ? ' 

The coach stopped the wagon by contact with it, but the bodies of the por- 
Bons in the wagon, haviiig the same vdocity as the wagon, and not fastened to 
itj continued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be thrown as far as over the head of the horse^ would require a great velocity 
of motion. 
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11. T^«BrronBBo^«T3iKst]ialr]iSAMtoi0flwr,oiM being la xonoaraadllMolbev 
%t BEn^ why are both equaUy burtf 

Because, when bodies strike each other, action and readion are equal; the 
bead that is at rest returns the blow with equal Ibrce to the head that 
itrikcs. 

13. Wbea an dastie BAU.tf fhrownegaiiMt (be ilde of a boon wltb a onrrAzv roaoi, 
whj doee it reboaiid ? 

Because the tide o/Ou houae resists the ball with the eame foroCf and the 
ball being elastic, rebounds. 

13. Wbea the ■.u» ball Is tbrowv egaimt a PAxrx of class wttb tbe laiiieforee, it goes 
Uiroagfa, brrakiog tbe gUai ; why does it not rebound as before f 

Because the glass has not sufficient power to resist the full force of the ball : 
it destroys a part of the force of the ball, but the remainder continuing to act^ 
tbe ball goes through, shattering the glasai 

14. Why di«] not the man saceaed who undertook to make a pais vnm for bis tubas- 
vftz-noAT, by ereeting an OfiisifSB hbllows in the srzBir, and Uowing against tbe saxu f 

Because the action of the stream of wind and the reaction of the sails were 
exactly equal, and, consequently, the boat remamed at rest 

15 If he bad blovn la aooarxsABT Dzaacnoar from the sails, iastead of against them, 
would the boat have mored ! 

It would, with the same force that the air issued firom the bellows-pipe. 

16 Why can not a MA2r raise himself orer a FSNCE by pulling upon the bxbafs of his 
voomt 

Because the action of the force exerted by the muscles of his arms is coun- 
teracted by the reaction of tbe force, or, in other words^ the resistance of his 
whole body, whica tends to iceep him down. 

17. Wby do WATEifr-uooo giro a soix-botaxt uovxxBn to free themselTcs firom 
water f 

Because In this way a centrifugal force is generated, which causes the drops 
of water adherent to them to fly oZ 

18. Why Is the oou383 of riTors rarely STSAionv, but mtsvsTtstm and wcmnro t 
TVhen, from any obstruction, the river is obliged to bend, ihe centrifiiffol 

force tends to throw away the water from the center of the curvature^ so that 
when a bend has once commenced, it increases, and is soon followed by others. 
Thus, for instance, the water bemg thrown by any cause to the left side, it 
wears that part into a curve, or elbow, and, by its centrifhgal force, acts con- 
stantly on tbe outside of the bend, until the rock, or higher land, resists ita 
gradual progress; from this limits being thrown back again, it wears a similut 
bend to the right hand, and after that another to the left, and so on. 

19 A locorootiye passes over a railroad, S30 miles in length, in 6 hours; what is its 
velocity per hour? 

20 If a bird, in flying, passes over a distance of 45 miles in an hour, what Is its re- 
loci ^y per minute f 

21 The flash of a cannon three miles off was seen, and in 14 seconds afterward tb« 
sound was beard. Bow many feet did the sound travel in one second ! 
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. 22. Tlie ran U CSmllUmM of miles frodi tlie eartli, and it reqnlies 8^ mlnntes for lis 
Ught to reach the earth ; with what velodtf per second does light more t 

23. If a Tessei sail 90 miles a daf for 8 days, how far will it sail in that time t 

24 A gentle wind Is obserred to more 1,S69 feet in 15 minutes : how far would it move 
in 2 hours, aUowing S^OOO feet to the mile f 

25 What distance would a bird flying uniformly at the velocity of C3 mUea per hour, 
pass 0T3r in 12| hours t 

26. Suppose light to more at the rate of 192,000 miles In a second rf time, how long a 
time will elapse in the passage of light from the sun to tho earth, the distanco being C5 
millions of miles ? 

/^21 What is the momentum of a body weighing £5 pounds mo^ng with the Telocity 
^of 30 feet per second f 

28 A cannon-hall weighing S'^O pounds, struck a wall ^ith a relodty of 45 feet per 
■econd : what was Its momentum, or with what force did it strike ? 

29. A locomotive and train of cars weighing ISO tons (403,200 pounds), and moving at 
the rate of 40 miles per hour, came in collision with another train weighing IGO tons, ar.d 
moving at the rate of -i6 miles per hour: what was the momentum, or force of collision ? 

30. A stone thrown directly at an object fhim a locomotive, moving at the rate of 8,520 
feet per minute, was 2 seconds in the air; at what distance beyond the ol^ect dii it 
•inker 



CnAPTER VI. 

APPLICATION OF FORCE. 

What are the 174. Thr principal agonts fram whence we 
5f p^ifuS obtain power for practical purposes, are Men 
*rte/ and Animals, Water, Wind, Steam, and 

GUNPOWDEB. 

The power of all these maj be ultimately resolved into somo 
gr3a? natorai ®^® ^ ^^^ ^^ *^® P"®*^ natural forces, or primary sources of 
forces are these power, viz., vital force, producing muscular energy, or strength 
derived? ^^'^^^ "^ '^wui and animals; gravitation, causing tho flow of water; 
heat and molecular forces, the agents producing tho power ex- 
hibited by wmd, steam, and gunpowder. 

Are there an Magnetism and electricity when called mto action, a: i 

ether agents of capillary attraction, aro also agents of power; but none cf 
power? ^j^ggg ^^ capable, as yet, of being used to any great extent 

for tho production of motion. 



175. Muscular energy in men and animals 

lar energy ex- is cxcfted bv nicaus of the Contraction of tho 

fibers which constitute the muscles ct the 
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body ; iho bones of tho body facilitate and direct the aj)- 
plication of this force. 

Beasts of prcj posse&s tho greatest amount of muscular power ; but soma 
Tery small animals possess muscular power in proportion to their bulk, in- 
comparably greater than the largest of the brute creation. A ilea, considered 
reUtirely to its size, is stronger than an elephant, or a lion. 
j.^ A man can exert his greatest active strength in pullmg* up- 

cTprt Ills great- ward from bis foet, because the strong muscles of the back, 
c- i tireni.'tli f ^j^j those of tho upper and lower extremities, are then broa^ht 
most advantageously into action. 

Tho comparative effect produced in tho different methods of applymg the 
force of a man, may bo indicated as follows : in t>.o action of turning a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump, by 20 ; in pulling downward, as in ringing a bell, by 30 ; and in pull- 
ing upward from the foet, as In the action of rowmg, by 41. 

What to tiie 176. The estimate of the uniform strength 
SJ!SSS*of a of an ordinary man, for the performance of or- 
°*"^ dinary 'daily mechanical labor is, that he can 

raise U weight of 10 pounds to the height of 10 feet onco 
in a second, and continue to do so for 10 hours in the 
day. 

What is the ^^'^' ^^^ estimated strength of a horse is, 
eBtimated that hc cau Taisc a weight of 33,000 pounds 

■trongth of a ii-i » «. . rii 

horse, or a to the hciffht ot ouo foot lu a minute. buch 

"horse-powerr n n • n i cc 

a measure of force is called a '^hobse- 

POWER." 

The strength of a horso is considered to be equal to that of five men. Tho 
average strength which a horso can exert in drawing is about 1600 pounda 

whatiaw^r- 1^8. Water-powbr is the power obtained 
power? ijy ijjg action of water falling perpendicularly, 
or running down a sbpe, by the influence of gravity. 
What to the 179. Whenworkis performed by any agent, 
umpiring the ^^^^ ^^ always a certain weight moved over a 
Jerfo^d'^b? certain space, or a resistance overcome ; the 
differeiitforcest amouut of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing diflfbrent 
quantities of work, done by any force, it h necessary to 
have «ome standard ; and this standard is tho power, or 
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labor, expended in raising a pound weight one foot high^ 
in opposition to gravity. 

How is the cf- 180« "^^^ effect produced by a moving power 
liS* powers* ^s always expressed by a certain weight raised 
pressed? ^ Certain height 

To find, therefore, the effect of a moring power, or to find the power ex- 
pended in performing a certain work, we have the following rule ; — 

mvr may the 181. Multiply tho Weight of the body moved 
^""wlfThi in pounds by the vertical space through which 
•"^^^^^^^^^ it is moved. 

Thus, for example, if a horse draw a loaded wagon, with a force hj which 
the traces are stretched to as great a deg^ree as if 200 pounds v. re suspended 
yerticallj from them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to be 200 pounds 
raised 100 feet ; or, what is the same thing, 20,000 pounds raised 1 foot 
When a horse draws a carris^e, the work he performs is expended in over- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but friction increases and diminishes as the weight of the load in- 
creases or diminishes. The work performed will, therefore, be estimated by 
multiplying the total resistance of friction, as expressed in pounds, bj the 
space over which the carriage is moved. 

HI trato th '^^ following examples will illustrate how we are enabled, 

manner of esti- bj the above rules, to calculate the amount of power required 
mating power? ^ perform a certain amount of work: — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal from the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, COO feet, equals 134,400, the amount cf work to be performed 
each minute; a horse power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-7-33,000=4.07, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horse-power, and th3 engine-builder, knowirg the dimensions of the parts of 
an engine essential to give one horse-power, can build an engine capable of 
performing the requisite work. 

Again. Suppose a locomotive to move a train of cars, on a level, at the 
rate of 30 miles per hour, the whole weighing 25 tons, with a constant re- 
sistance from frictaon of 200 pounds, what is the horse-power of the engine? 
'33 miles per hour equals 2,640 feet per minute ; tjfis space multiplied by 200 
pounds, the resistance to be overcome, equals 528,000, the work to be done 
cverj minute; which, divided by 33,000 (one horse-power), equals 16, the 
hors3-power of the locomotive. 

What is a Dy- 182. An instrument for measuring the rela- 
namometerf |J^q strength of mctt and animals, and also of 
the force exerted by machinery, is called a Dynamometeb. 
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p^ .A F%' 69 represents ono of tho xnos^ 

common forms of the dynamometer, 
consisting of a band of steel, bent in 
tho middle, so as to havo a certain de- 
gree of flexibility. To the expanded 
extremity of oach limb is fixed an are 
of iron, which passes freely tbroop^h an 
opening in the other limb, and terminates outside in a hook or ring. One cf 
these arcs is graduated, and represents in pounds tho forco required pxo.cV 
to bring the two limbs nearer together Tlius, if a horse were pulling 
a ropo attached to a body which he liad to move, we may imagine tho 
rope to be cut at a certain pouit, and the two ends attached to tho 
ends of tho arcs, as represented in Fig. 59 ; tho forco of traction ex- 
erted by the animal would be seen by tho greater or less bringing 
together of the ends of the iustrumeut 

In another form of dyuamomUer, Fig. 60, which is also used as a 
ppring balance in weighing, tho force is measured by tho collapsing 
of a steel spring, oontauied within a cylindrical case. Tho construc- 
tion and opt ration of this instrument will be easily understood from 
an examination of the figure 

What is • Ma- 183. A MACHINE is Ell instrument, or 
**^"'' ' apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result, 

A steam-engine and a water-wheel are examples of machines. They re- 
ceive the power of steam in tho one case, and the power of £iIUng water in 
the other, and apply it (or locomotion, saiviug^ hammering, etc. 

Dowcproduce 184. A Machinb cau not, under any cir- 
SS* of' ^ cunistances, create power, or increase tho 
chiaesf quantity of power, or force, applied to it. 

A machine will enable us to concentrate, or divide, any quantity of foroe 
which we may possess, but they no more increase the quantity of foroe applied 
than a mill-pond increasas the quantity of water flowing in the stream.* 
_ . Machines, in fact^ do not increase an applied force, but they 

X/0 QOw 1P^» 

chinen in reality diminish it, or, in Other word;*, no machine ever transmits the 
diaii.iiah force/ ^hole amount of force imparted to it by the moving powen 
since a part of the power is necessarily expended in overcoming the inertia 
of matter, the friction of the machinery, and the resistance of the atmosphere. 

* ** Poirer Is always a firodnetof nature. Ood has not vouchsafed to man the means of 
Its primary creation. He fiads it in the mo^ng Air and the rapid rabiraet ; li the bum- 
ing eoal and the heaving tide. He transfers it from these to other bodies, and renders it 
the obedient servant of his irlll -the patient dmdge which, in a thousand ways, adminis- 
ters to his wanks, his convenience, and his luxuries, and enabl'ss him to reserve his owm 
ener(^ for the higher purposes of the development of his mind and the oxpressioa of his 
thoughts.*'— uPrc/. Hwry. 
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Is Perpetnai 185. Perpetual Motion, or the construc- 
chtee^^poMU ^^^^ ^^f machines which shall produce power 
^«' sufficient to keep themselves in motion con- 

tinually, is, therefore, an impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power applied, or even preserve it without diminution. 
What example ^^ nature WO have ati example of continued and UDdimin- 
of continued islied motion in the revolution of the earth upon its axis, ai 1 
ire in nature? ®^ *^*® planets around the sun. These bodies have been mus- 
ing with undiminished veloci^^y for ages past, and, unless pre- 
vented by the agency which created them, will continue so to do for ages to como. 
Hoirdoiredc. ' ^^ dcrivc advantages from machines 

fronT^hSlf? in three different ways; 1st, from tho addi- 
tions they make to human power ; 2J, from 
the economy they produce of human time ; 3d, from the 
conversion of substances apparently worthless and com- 
mon into valuable products. 

now do ma- 187. Machines make additions to human 
addittoni°**to power, because they enable us to use the 
human power? power of natural agents, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machincs produce economy of human 
^oiSJ^fhu- time, because they accomplish with rapidity 
man timer y^^^ would require the hand unaided much 
time to perform. 

A machine turns a gun-stock in a few minutes ; to shape it by hand would 
be tho work of hours. 

189. Machines convert objects apparently 
' Chinee convert worlhless iiito Valuable products, because bv 
jeots into vai- thcir great power ^ economy , and rapidtty of 
** *** " action, they make it profitable to use objec % 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machines, iron could not be forged into shafts for gigantic engines ; 
fibers could not be twisted into cables; granite, in large masses, could not be 
transported fipom the quarriea 
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Define Power, ^90. lu machinery^ we designate the mov- 
miSiff Point, ing ibroe as the Power ; the resistance to be 
macSSeiT. ^ overcomc, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

wbat is the 191- The great general advantage that we 
JdTanta^"*^ obtain from machinery is, that it enables us 
nmchineryf ^q cxchangc timc and space for power. 

Thus, if a man could raide to a certain height two hundred pounds in one 
minute, with the utmost exertion of his strength, no arrangement of macbinexy 
could enable him unaided to nuse 2,000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part eeparately, consuming ten times the time required 
for lifting 200 poandai The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of space to make the nail rise one quarter of an incTL But it baa 
been already shown that the force of a small body moving with great velocity 
may equal the force of a large body with a slight velocity. On the same prin- 
ciple, the small weighty or power, exerted by the boy on the end of the ham* 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the naiL 

In both of these examples space and time are exchanged for power. 

_ , ^. 192. The mechanical force, or momentum, of a body, is as- 

How is the me- ^ , , J i . 

chanicai effect certained by multiplying its weight by the space through 

tomlne?? ^^ which it moves in a given time, that is to say, by its velocity. 

The mechanical force, or momentum, of a power may also be 

found, by multiply in jj: the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brium Sf "!Iu through which it moves in a vertical direction, 
machines? jg equal to thc wcight multiplied by the space 
•through which it moves in a vertical direction. 

This is the general law which determines the equilibrium of all machines. 

194. The power will overcome the resistance 
conmtionswm of thc weight, and motion will take place in a 
place in a ma- machine, wheu the product arising from the 
power multiplied by the space through which , 
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it moves in a vertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 
Whatismeant Practical men express the principle of equilibriinn in m*- 
by the ex- chineiy bjr saying " that what is gained in power is lost in 
fr^S^'^S *^™®-" Thus, if a small power acts against a great resistance 
the expeoBe of the motion of the latter will be just as much slower than that 
^^'^ ' of the power, as the resistance^ or weight, is greato* than the 

power; or if odo pound be required to overcome the resistance of two pounds^ 
the one pound must move over two feet in the same time that the resistance^ 
two pounds^ requires to move over one. . 

• SECTION I. 

THE ELSXENTB OF UACHIHBBT. 

195. All machines, no matter how complex 

pie machinea and Intricate their constmction, may be re- 
are theret .« /•••ti- 

duced to one or more of six simple machines, 

or elements, which we call the " Mechanical Powers." 

196. They are the Lever, the Wheel and 

Enamerate the , * Z^ t -r -r^ 

Blx elementary AXLB, thc PULLEY, the INCLINED PlANE, the 

Wedge, and the Screw. 

These simple Machines may be further reduced to three — ^the lever, the 
pullpy, and th^ inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name " mechanical powers ' which has been applied* to the six ele* 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powers, when in fact thdy possess no power in themselves, and are 
only instruments for the application of power. 

What is a 197. A Lever consists of a solid bar, straight 

or bent, turning upon a pivot, prop, or axis. 
198. The Arms of the lever are those parts 
Anna of a Le- ^f ^^ y^^^ extending on each side of the 

axis, 
mat la uie 199. The Fulcrum, or prop, is the name 
applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 



LeTerf 
What are the 



Fulcramr 



Hotr many 
kinds of leT 
are there? 

Weight. 



kinds of levers classes, accordiug to the position which the 
*" ^"^ fulcrum has in relation to the power and the 
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201. In tlie first class the falcmin is be- 
r.utive pod. tweeii the power and the weight ; in the sec* 
p^wer.fiiieriim oDcl closs, tho folcrum 18 at ODC end of the 
thithw7kia£ lever, and the weight is between the fulcrum 
^^**"* and the power ; in the third ckss, the fulcrum 
is :it one end of the lever, and the power is between the 
f ilcrum and the weight. 

Fig CI rcpre8?Dts the three classeB of Fio. 61. . 

i.vera, numbered in their order, 1. 2, 3. j jr 

P is the poircr, W tho weight, and F tho F^ 2^ 

fu'cnim. 

amplea of Ic- elcvato a ttono, is an ox- ^ ^ 



»o 




first kind. In Fig. 62, '^O 

Tvliich roprcients a lover of this class, a ^ 

indicates tho ftilcrum which soppports tho ^ "^^^P ^ ^ 

bar, b the power applied by tlie hand at I 

the end of the longest arm, and c the jr^ 

weiglit, or stone, raised at the end of the 

short arm. A poker applied to stir up the fael of a grate is a lover of the 

first dass, the Ihlcrum being the 
^i^- 62. bars of the grata ; the break, or 

or handle of a pump, is also a fa- 
miliar example. Scissors, pin- 
cers, etc., are composed of two 
levers of tho first kind, the ful- 
crum being the joint, or pivot, 
and tho weight th3 resistanco 

of tlio substance to bo cut, or seized. Tho power o^ tho fingers is applied 

at tho other end of tho lovers. ^. 

What h the 202. A lever will be in equilibrium, when 
Mnm d^°thi the power and the weight are to each other 
lever f invereely as their disfances from the fulcrum. 

Thus, if in a lever of the first class the power and tho weight are equal, 
OL I ar3 required to exactly balanco each other, they must be placed at 
CKiiil distances from tho fulcrum.' If the power is only half the weight, it 
must bo at double the distanco from the fulcrum; if one third of tho 
Wv ijfht, three times tho distanca If wo suppose, in Fig. 02, c to represent 
a weight of 300 pounds, placed two feet f'om tho fulv^nim a, and b a power 
of 100 pounds plficed six feet firom a, thon e and b will bo in equilibrium, 
for (300X2) r=(100X6). 

203. When the weight and lengths of the two arms 
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Weight, and 
the length of 
the iLr.us of a 
lever being 
giv !n, how we 
iinJ theeii:-iv> 
alent power / 



What are ex- 
nnples of le- 
X rs of the 
c :oad class/ 




of a lever are given, the power requisite to 
balance the weight may be ascertained, by 
dividing the product of the weight multiplied 
into its distance from the fulcrum, by the dis- 
tance of the power from the fulcrum. 

204. Cork, or lemon-squeezers, Fig. 63, are examples of 
the levers of the 83Cond class, which have the fulcrum at one 
end, and the weight, or resistance to be overcome, between 
the fulcrum and the power. An oar is a lever of the second 
class, in which tho reaction of the water against the blade is the fulcrum, the 
FlO. 63. ^** t^^6 weight,, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A wheel-barrow is a 
lever of the second class, the ful- 
crum being the point at which tlie 
wheel presses upon the ground, 
the barrow and its load Iho weight, 
and the hands the power. Nut- 
crackers are two levers of the second class, the hinge which unites them being 
tho fulcrum, tho resistance of tho shell placed between them the weight, and 
tho hand tho power. 

What are ex- ^05. A pair of sugar-tongs rep- pjo. 64. 

ampies of le- resents a lever of the third class, 

^J clL ?^" >^ ^^»^^* *^^® Po^®^ is applied be- 
tween tho fUlcrum and tho resist- 
ance, or weigiit. In Fig. 64, tho fulcrum is at a, 
tho resistance is tho pieco of sugar to be lifted at 
6, and tha power ia the fingers applied at c 
When a man raises a ladder against a wall, ho 
employs a lover of the third class ; tho fulcrum 
being tho f )ot of tho ladder resting upon tho 
ground, tho power being tho hands applied to 
raise it, and tho resist-mco being tlio weiglit of the ladde^s^JL^ 

What Is the re- 206. In levcrs of the third class, the power, 
}hc%iS7an3 l^einof between the fulcrum and the weight, 
{';\;j^*;J\h*e ^^^^ ^^^ ^^ ^ l^ss distance from the fulcrum than 
ti^ird class! ^|^q Weight ; and, consequently, in this form 
cf lever tho power must be always greater than tho 
weight. 

Thus (in Ko. 3, Fig. 61), if tho length from tho p'>int where the weight, W, 
is suspended to F be three times tho length of P F, then a weight of 100 
pounds Bospended at W will roquiro a power of 300 applied at P to sustain it 
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tinder what 
circamttaseet 
do we emplof 
levers of the 
third cUsa? 



Omng to ita mechanical disadvantages, this class of levers 
is rarely usad, except wher6 a quick motion is required, rather 
than great force. The most striking examples of levers of the 
third class are found in the animal kingdom. The limbs of 
animahi are generally lev^v of this description. The socket 
of the bone, a^ Fig. 65, is the fulcrum ; a strong muscle attached to the bone 

near the socket, c, and extend- 
ing to c^ is the power; and the 
weight of the limb, together 
with whatever resistance, to, is 
opposed to its motion, is the 
weight A very slight con- 
traction of the muscle in this 



FiQ. 65. 




case gives considerable motion 

to the limb. 

The leg and daws of a bird, 

are examples of the third class 

of levers, the whole arrange- 
ment bemg admirably adapted to the wants of the animal When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcrum. Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly ; consequently, a bird sits upon its perch with the 
greatest ease, and never falls off in sleeping, since the weight of the body ia 
instrumental in sustamuig it 

207. A Compound Lever is a combination 
of several simple levers, so arranged that the 
shorter arm of one may act upon the longer 
arm of another. In this way, the power of a small force 
in overcoming a large resistance is greatly multiplied. 



What is a 
Compoand Le> 
ver? 



Fig. 66. 



6 



1 



An arrangement of compound levers is shown in Fig. 66. Here, by means 
of three simple levers, 1 pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, 1 pound 
at the end of the first one will exert a force of 10 pounds upon the end of the 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount^ or 
1000 pounds, at &e other extremity. . 
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What are the 
disadvantages 
of a compound 
lever? 



Describe the 
common steel- 
yard. 



208. The disadvantage of a compound lever 
is, that its exercise is limited to a very small 
space. ^""^""^ 

209. The different varieties of weighing machines are varie- 
ties or combinations of levers. The common steel-yard is a 
lever of unequal arms, belonging to the first class. It consists 

of a bar (Fig. 67) marked with Notches to indicate pounds and ounces, and a 
weight which is movable along the notches. The bar is furnished with three 
hooks, or rmgs, on the largest of which the article to be weighed is always 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, sliding upon the bar, balances the article, P, which is to be 
weighed, it being evident that a pound weight at D will balance as many 
pounds at P as the distaoco A C is contained m the space D G. 

Pia. 67, 




It may happen that when the weight Q is moved to the last notch upon the 
bar B C, that the article P will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being furnished with two sets of notches on 
opposite sides of the bar. By this means the distance of P, the article weighed, 
finom the fulcrum is diminished, and the weighty Q, at the given distance upon 
the opposite side of the fulcrum, will balance a proportionally greater resist- 
ance, or weight. 

« _.^ .■^. 210. The ordinary balance is a lever of the first class, with 

Describe the , ,/, ^, j ^i. • i x 

ordinary bai- equal arms, m which the power and the weight are neces- 

"*°®" ssuily equal Fig. 68 shows the common form. The fulcrum 

or axis, is made wedge -like, with a sharp knife-like edge, and rests upon a 
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Fio. 03. Burfece of hardened steel, or 

agate, in orJer that the beam 
may turn easily. Tiie scale- 
paos are suspended by chains 
from points precisely at equal 
distances from the fulcrum, 
and being themselves adjusted 
80 as to have precisely equal 
"woights, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger arm 
will balaucj a greater weight at the end of the shorter. An 
excess of half an mch m the length of the arm of the beam, 
to which merchandise is attached, where the arm sliould be 
eight inches long, would cheat the buyer exactly one ounce in every pound. 
This fraud, if suspected, might be detected mstantly, by transposing the 
weight and the article balanced; the lightest would then be at the end of 
the short arm, and would appear lighter than it actually is. 

Pio. 69. 



Under what 
circamfftancen 
will a balance 
indicato false 
weights? 




What is the 212. Platform scales, and scales intended 
construction^ foF Weighing hay, etc., are usually compound 
'^^ levers, and are constructed in very various 

forms, but all depend on the principles above explained. 
Fig. 69 represents one of the varieties, and Fig. 70 a sec- 

Fio. 70. 

37 
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tion of the same, showing the arrangement and combination 

of the levers. 

213. When a lever is applied to raise a weight or overcome 

What circam- . , ^, ^i i i • i •.. . x 

stances limit * resistance, the space through which it acta at any one time 

the utility of 13 small, and the work must be accomplished by a succession 
of short and intermitting efforts. Tlieso circumstances, there- 
fore, limit the utility of the common lever, and restrict its use to those cases 
only in which weights are required to be raised tlirough small spaces. 
^ , ^, 214. When, however, a continuous motion is required, as in 

uoas motion raising oro from a mme, or in liflmg the anchor of a ship, 
obtained? jjj order to remove the intermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 
axle, which is only another form of the lever, in which the power is made to 
act without Intermission. -^ 

215. The form of the simple machine de- 
wheei and nominated the Wheel and Axle, consists of 
a cy Under, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common motion. 



Describe 
action of 
wheel 
axle. 



the 
the 




In Fig. tl, A represents FiQ.1l. 

the axle with a wheel im- 
movably attached to it, and f?[r^ 
the wheel turning on pivots 
inserted into the ends of the axle. Around 
this axle is wound a ^ope, to which is at- 
tached the weight W, and around the wheel 
is another rope, to which the power, P,.i3 
applied. It is evident that one turn of the 
wheel will unwind as much more rope from 
th3 wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much greater 
space than the weight W. The weight on the axle, which may be considered 
as acting on the short arm of a lever which is the radius* of the axle, may 
be much heavier than the power which acts at the long arm of a lever, which 
is the radius of the wheel 

Hence the advantage gained in the wheel and axle is equal to the numbei 
of times that the radius of the axle is contained in the radius of the wheel, 
and to estimate the mechanical advantage gamed by the wheel and axle, we 
hav3 the following rule : * 

How do WQ 216. The power is to the weisjht, as the 
aiT?nu% *of diameter of the wheel is to the diameter of 

the^^heeland ^hc axlc. 

* The radius of a vheel, or cylinder, is its semi-diaineter, or a line drawn from its cen- 
ter to its drcomference. The spoke of a carriage wheel represents its radios. 
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Fi^. 72 repreaents a section of tho wheel and axle, showing the radios 
of tho axle, b c, and the radius of the wheel, a c. The two being in a 



Fio. 72. 




gj power 
f. wheel and 



axle! 



straight line, the weights hanging in opposition are 
always as if thsjr wcra connected bjr a horizontal lever, 
aebf turning on a fulcrum at e. If the radius of tho 
wheel, or the length of the longer arm of the lever, a c, 
be 24 inches^ and the radius of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the jidvantage 
gained would be 24+3=8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

„ . 21T. The methods of applying power 

How ao we ap- , »*.»o*^ 

In m the wheel and axle are very vanous, 

it not being essential that the power should be appli^ by a 
rope. The axle is sometimes placed in a vertical or upright 
position, 9nd the power applied by means of levers, or bars, inserted into holes 
Fig. 73. in one end of the axle. A capstan of a ship, Fig. 

73, is an example of this. 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheel. (See Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
greater than the radius of the axle. Thus, if the 
handle is 20 inches and the radius of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at the handle would 
just raise a weight of 10 times 50, or 500 pounds. - * 

When a weight, or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ar- 
FiG. 74. rangement, called the double axle, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the 
rope winds around them in different direc- 
tions ; therefore, every turn of the wind- 
lass, or handle, winds up a portion equal 
to the circumference of the one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the rope. 

In this arrangement space and time are exchanged for power in a most 
convenient manner. 
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What is the 
most frequent 
method of 
transmitting 
motion through 
a combinatiou 
of wheels? 



FlO. 75. 




When great power is required, wheels and axles may be combined to- 
gether in a manner similar to that of the oomponnd lever already explained 
(§ 207). By such a combination we gain the advantage of using a very large 
wheel with a small axle, without their inconvenietices. 

218. The most frequent met!.od of 'transmitting motion 
through a combination of wheels, is by the construction oi 
teeth upon their circumference, so that the teeth of each 
wheel filing between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
the circumference of a wheel, they are termed cogs; upon an 

axlo, they are termed leaves, while the axle itself ia callad a pinion. 

Tig. 75 represents a combination 
of wheels and axles for the trans- 
mission of power. If the teeth on 
the axle of the wheel c act on six 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only once for 
every six turns of the first In the 
same manner the second wheel, by 
turning six times, turns the thii^ 
wheel once ; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the third turns once, the second six times, 
and the first thirty-six times. Now, as the wheel and axlo act in all respects 
like a simple lever, and a combination of wheels and axles as a combina- 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
vantage is gained by this contrivance. The power is to the weight as the 
product of the diameter of all the axles is to the product of the diameter of 
all the wheels. Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c,/ and ^, be expressed 
by the numbers 20, 25, and 30, then power will be to the weight as 2X3 X 
4=24, is to 20X25X30=15,000 ;— or a power of 24 at the first wheel will 
balance 15,000 at the axle of the'last wheel 

219. One of the most ^miliar instances of combined wheel- 
work is exhibited in clocks and watches. One turn of the axle 
on which the watch-key is fixed, is rendered equivalent, by a 
train of wheel-work, to about 400 turns, or beats, of the bal 
ance-wheel ; and thus the exertion, during a few seconds, ot 

the hand which winds up, gives motion for twenty-four, or tliirty hours. By 

FlO. 76. increasing the number of wheels, yjq, 77. 

time-pieces are made which go for 

year, or a greater length of time. 

Wheels may be connected and < 

motion communicated from one 

the other, by bands, or belts, as well 

as by teeth. This principle is seen in the spinning-wheel and common 

turning-lathe. A spmalng-wheel, as a c, Fig. 76, of thirty inches in circum- 



Whai are fe- 
miliar illustra- 
tions of com- 
pound wheel' 
work! 



a, tlE 



for 
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Fio. 78. 




Fio. T9. 



forcnce, tarns bj its band a smaller wheel, or spindle, 6, of half an inch, aizty 
times for every revolution of a c. 

When tha wheel U intended to revolve in the same direction with the one 

fit>m which it receives its motion, the band is aitajhed as in Fig. 76 ; but 

when it is to revolve in a contrary direction, the baud is crossed, as in Fi^. 7 7. 

In many wheels power is communicated by means of a weiglit applied to 

the ciraumferenoe. 

In the tread>mill (Fig^ 73) a number of persons 
stepping upon the circumference of a wheel cause 
it to reyolve. Similar machines are often adopted in 
ferry-boats, moved by horses, and called "horse- 
boats.** 

In most water-wheels, power is obtained by the 
action of water applied to the circumference of the 
wbeel, which is caused to revolve, either through the 
weight, or pressure of the water, or by both conjointly. 

The PuLLKY 18 a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 

This simple machine is represented in Fig. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fixed 

pulleys. In Fig. 80, C is a small wheel turning upon its 

axis,' around which a cord passes, having at one end the 

power P, and at the other, the resistance, or weight, W. It 

ii evident that by pulling the cord at P, the weight, W, must 

^ ^V^ ascend as much arid as fast as the cord is drawn down 

( I As, therefore, the power and the weight move with the 

same velocity, it is clear that they balance one another, 

and that no mechanical advantage is gained. 

In all the applications of power there are always sows 
du^ctions in which it may be exerted to greater advan- 
tage and convenience than others; and in many cases 
the power is capable of acting in only one particular di- 
rection. Any arrangement of machinery, therefore, which 
will enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overcome a 



flow many 
kinds of pul' 
le/s are there f 

What Is a fix- 
ed pulley f 



Dsscrlbe the 
working and 
adva itage of 
the fixed pulley. 




Fig. 83. 
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great weight Thus, if wo wish to apply tho strength of a horse to lift a 
heavy weight to the top of a building, we should find it a difficult matter to 



Fio. 81. 



accomplisli directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawing horizontally ; but by changing tho di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in 1^'ig. 81, tho weight is hited most readily, 
and the horse exerts his power to tho best ad- 
vantage. 

223. A fixed pulley is most 
useful for changing the direc- 
tion of power, and for apply- 
ing power advantageously. 
By it a man standing on tho ground can raiao 
a weight to the top of a building. A curtain, a flag, or a sail, can bo readily 
raised to an elevation by a fixed pulley, without ascendmg with it, by draw- 
ing down a cord runnmg over the pulley. 

whatisamoT- 224. A MoVABLE PuLLEY differs from a 
able pulley? g^g^j puUey ia being attached to the weight ; 
it therefore rises and falls with the weight. 

Fig. 82 represents a movablo pulley, B, associated, as it Fio. 82. 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a " Runner." 



What are fa- 
miliar applica- 
tiona of fixed 
pulleys ? 




What Is the ad- 
yantage gained 
by the use of a 
movable pul- 




225. In tho fixed pulley, Fig. 80, it will bo 
readily seen that to move tho weight, W, at P[ 
one ond of tho cord, passing over tho pulley, a 
greater weight must bo applied at P, for if P 
is only equal to W, they will balance one an- 
other. If; however, wo fasten ono end of tho cord to a fixed support, as at 
F, Fig. 82, and pass it under tho groove in the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley C, we may lift a force of 100 pounds at W by an application of 50 
pounds at P. To understand this, we must remember that tlie weight W is 
supported by tho cords B F and B C on each side of tho movable pulley B ; 
and as each aro equally stretched, tho weight must bo equally divided be- 
tween Ihom ; or, in other words, the pomt of support, F, sustains half thei 
weight, and tho power, P, the other half. A person, therefore, pulUng at V, 
will raise the weiorht by exertincr a force equal to its half. But the cord at P 
must move through two feet to raise the weight W one foot. 

When still greater power is required, pull »ys are compounded into a system 
containing two more sinjrlo pulleys, called Blocks, and thcso again aro com- 
bined in a compound system of fixed and movable pulleys. 

A single movable pulley may be so arranged that tho power wDl sustain 
three tunes its own weight Such an arrangement is represented in Fig. 83. 
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In this we have four cords, one employed in sustaining the 
power, P, and the other sustaining the weight; conse- 
quently the power will be to the weight as 1 to 3. In 
Fig. 84, we have two blocks, each containing two single 
pulleys. The rope is thus divided into live portions, each 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this system 
a power of 1 will balance a weight of 4. 

_ , 226. In all these arrangements of pul- 

Biw 18 power I .1 . /. . . . , 

g'lined at the leys, the mcrease of power has been gamed 

^"ta*By»^ at the expense of time, and the space 
tern of pul- passed over by the power must be double 
*®^ the space passed over by the weight, mul- 

tiplied by the number of pulleys. That is, in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys, 
as in Fig. 84, the power must fall four feet to raise the 



PlO. 83. 



Fia. 84. 




weight one foot. 

Instead of folding the string on the pulleys entire, it 13 
sometimes doubled into separate portions, each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very great mechanical advan- 
tage is gained, attended, however, with a correspondmg 
loss of time. In an arrangement of such a character, re- 
presented in Fig. 85, the weight TV, is supported by the 
two parts of the cord passing round the movable pulley, 
C ; and as each of these parts is equally stretched, the 
fixed support will sustain one half the weight, and the 
next pulley in order above 0, namely B, may be consid- 
ered as sustaining the other half. But the two parts of 
the string which support the pulley B, again divide the 
weight, so that the pulley A, which is attached to one of 
them, only sustains one quarter of the first weight, W, 



The string which passes around A again divides this 
weight, so tliat each part of it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore, a 
power of 1 will balance a weight of 8. --'' 

227. In general, the advan- 
tage gained by pulleys is found 
leys be 'nicer- by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
•fields in the rope which sustains the weight, 
re one rope runs through the whole. 



Fig. 85. 



How may the 
advitstagc 
gained by pnl- 
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Thus a weight of'72 pounds may be balanced by four morable puIleyB by 
a weight or power of 9 pounds; with two pulleys, by a power of IS poundsi 
with one movable pulley, by a power of 36 pounds. 

These rules apply only to movable pulleys in the same blodc, when tbe 
X>arts of the rope which sustain the weight are parallel to eadi. The median- 
ical advantage which the pulley appears to possess in theory, is oonsidefably 
diminished in practice, owing to the stiffness of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two thirds of 
the power is lost When the parts of the cord are not parallel, the strengtti 
of the pulley is very greatly diminished. 

___ ^ ^ 228. Fixed and mov- jua sir 

What are Cranea ,, „ , no. oo. 

and Derricks, able pulleys are arranged 

Tackle and Pall? ^ ^ ^^^ ^^riety of 

forms, but the principle upon which all are 
constructed is the same. What is called a 
" tackle and fall," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usually 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
materials arc lifted to diOerent elevations 
— ^as goods from vessels to the wharves, 
building materials from the ground to 
the stage where the builders are en- 
gaged, and for similar purposes. One 
of the most simple forms of movable 
cranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of which is a fixed pulley, C, 
over which the rope attached to the ob- 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is woimd by means of bars in- 
serted in holes, or by a crank. This 
ladder is inclined more or less from the 
upright position by means of a rope, 
D, which is attachedjo some fixed point 
at a distance. ^/^ 

229. The Inclined Plane consists of a hard 
plane surface, inclined at an angle. 




What Is an In- 
clined Plane ? 



Illnstrate the 
nse of an In- 
clined Plane. 



In Fig. 87, a & c repre- 
sents an inclined plane. 
230. If we attempt, for 
instance, to raise a cask, or any other 
heavy body into a wagon, we may find 
that our strength is unequal to lifting it 

5* 
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derlre a me* 
dianio*! ftd- 
▼aatagv from 
an iacttned 



JIow can wa 
estimate the 
adrantage gain- 
ed by the use 
of the IncUued 
piano? 



directly, while to haul it up by pulleys would be tctj inooiiTei^eni^ if not 
impossibla We may, however, accomplish our object witli comparatiTo ease 
by rolliog the cask up an iodined plaok, and exerting our force in a direction 
parallel to the inclined surface of the plank. 

The plank, in this instance, forms an inclined plane, and we 
gain a mechanical advantage^ because it supports a part of 
the weight 

If we place a body upon a horizontal plane, or surfiice, it is 
evident that the surfiice will support its wliole weight; if wo 
incline the 8urf«ice a little, it will support less of the weighty and as we elevate 
it more, it will continue to support less and less, until the surface beccMncs 
perpendicular, in which case no support will be afforded. 

231. The advantage gained by the use of the inclined plane may bo esti- 
mated by the following rule : 

232. The power is to the weight as^^c per- 
pendicular height of the plane is to its length. 

From this it will appear that the less the height of the in- 
clined plane, and the greater its length, the greater will be 
the mechanical advantage. Thus, m Fig. 88, if the plane, c 
df be twice as long as the height, e d^ Fio. 88. 

one pound at p, acting over the pulley, 
would balance two pounds any where 
between jc and cL If the plane, c d, 
were three times the Icngtlr ot d e, 
then one pound at p would balance 
three pounds any where on the plane, 
e df and so of all other quantities and 
proportionSi 

233. I^oads which are not level may be considered as in- 
clined planes, and the incUnation of a road is estimated by 
the height which corresponds to some proposed length. Thus, 
we say a road rises one foot in twenty, or one in fifty, mean- 
ing that if twenty or fifty feel of the road be taken, as the length of an in- 
clined plane, the corresponding height of such a plane would be one foot, and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

According to this method of estunating the inclination of 
roads, the power required to sustain, or draw up a load, frio- 
tion not considered, is always proportioned to the rate of ele- 
vation. On a level road, the carriage moves when the horse exerts a strength 
sufficient to overcome the friction and resistance of the atmosphere ; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra force in the proportion of ono 
to twenty, or, in other words, he is obliged to lift one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the summit 
of a hill, when it can be avoided, because, in addition to the force necessary 
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to overcome the friction in drawing a heavy load up the steep incline, wo 
must add additional force to overcome the gravity, whicli acts parallel with 
the inclined plane of tlie road, and tends constantly to make the load roll 
back to- the bottom of the slope. This force increases most rapidly with Iho 
steepness, and consequently requires an immense expenditure of power. 
An equal power expended on a road gently winding roimd the hill, with an 
increase of speed, would gain the same elevation hi much less time. 

An intelligent driver, in ascending a steep hill on wliich there is a broad 
road, winds from side to side, since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in proportion to its height), and 
thas favors the horses. 

Our common stairs are inclined planes, the steps being merely for the pur- 
pose of obtaiifing a good foot-hold. 

234. In the inclined plane, as in all other simple machines, 
^^ned'^^TS * ^*^ ^^ power is attended with a corresponding loss of time, 
expense ot time A body, in ascending an inclined plane, has a greater space 
pi^eV"''^'*^^ to pass over than if it should rise perpendicularly. The tune, 
therefore, of its ascent will be greater, and it will thus oppose 
less resistance, and consequently require less power. 

What is a 235. The Wedge is a movable 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane, the weight moves upon the plane, 
which remains stationary ; but m the wedge, the plane itself 
is moved under the. weight. 

5^30. The cases in wliich wedges are most 
we'^^vJd^J generally used in the arts, are those in which 
used ia the an intense force is required to be exerted through a very small 
*^* space. It is, therefore, used for splitting masses of wcod, or 

stone, for blockmg up buildings, raising vessels in docks, and pressing out tho 
oU from seeds. In this last instance, the seeds are placed in bags, between 
two surfaces of hard wood, which are pressed together by wedgep. 
Upon what 237. The usefulness of the wedge depends 

d^'ti^IiSto- Q^ friction ; for if there were no friction, the 
Wedge" de- "* wedgc would fly back after each stroke of the 

driving force. 
How doe. the 238. The power of the wedge increases as 
^"Z^ia.*^"" the length of its back, compared with that of 
*'*^' its sides, is diminished. Hence, it follows that 

the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, but 
percuaaon. Its edge being inserted mto a fissure, the wedge is dnven m by 
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Fia. 90. 



blows upon its back. Tlie tremor produced when tho wedge is strack with 
a violent blow, causes it to insinuate itself much more rapidly than it other- 
wise would. , . . . ^ 

239. The edges of all cuttmg and piercing instruments. 

such as knives, razors, chisels, nails, pins, etc., are wedgea 
The angle of the wedge in all these cases is more or 
less acute, according to the purpose to which it is applied. 
Chisels intended to cut wood have their edges at an angle of 
about 30®.; for cutting iron from 50° to 60°, and for brass about 80° to 90°. 
In general, tools which are urged by pressure admit of being sharper than 
those which are driven by percussion. The softer, or more yielding the sub- 
stance to be divided is, the more acute the wedge may be constructed. 

What is the 240. The Screw is an inclined plane wind- 

Bcrctrf jjjg pQund a cylinder. 

This may be illustrated by cutting a strip 
Df paper in such a way as to represent an in- 
clined plane, and then winding it round a 
cylinder, or common lead pencil, as is repre- 
sented in Fig. 90. 

_ , ,, 241. The edge of the 

What is the . ,. , , . t 

Thread of a inclined plane winding 
about the cylinder, or 
the coil of the spiral line which 
it describes upon the cylinder, con- 
stitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented in Fig. 91. 

The screw is not applied directly to the resistance to be Fia 91. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

What is the 242. The Nut of a screw is a 
Nutofascrewf tjock, with a Cylindrical cavity, 
having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to advance 
or recede a distance just equal to the interval between the threads. 
Is the Screir, Generally, the nut is stationary and the screw movable, but 

moviuef ^"^^ *^® ^^* ™^y ^® movable, and the screw stationary. 
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How is power ^^^' ^^^®^ ^ commonly applied to the screw by means of 
applied to the a lever, either attached to the nut, or to the head of the screw, 
Screw 1 ^ gggj^ jjj Pig 92. By varying the length of this, the power 

may be indefinitely increased at the point of resistance. The screw, there- 
fore, acts with the combined power of the lever and the inclined plane. 

Thus, in Fig. 92, / d is the lever, c ihe nut, 
a d the screw, and e the blockxupon which the 
substance to be pressed is placed. As in all the 
other simple machines, the advantage in this is 
estimated by the relative distances passed over 
by the power and the weight If the distance 
of the spiral threads of the screw is 1 inch, and 
the handle of the screw, that is the lever, is 2 
feet m length, then the extremity of the lever 
will describe a circle of over 12 feet in turning 
once round, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore, as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exerting a force of 60 pounds at the end of the lever, the screw will ad- 
vance with a force of 8.640 pounds. If the distance of the threads had been 
^ an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been taken into account; this will diminish 
the total effect nearly one fourth. 

How is the ad- 244. The advantage gained by the screw is 
by"th^ sct'St ^^ proportion as the circumference of the circle 
estimated? dcscribcd by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
the screw. 

Hence the enormous mechanical force exerted by the screw is rendered 
evident. There is no limit to the smallness of the distance between the 
threads except the strength it is necessary to give them ; and there is no limit 
to the magnitude of the circumference to be described by the power, except 
the necessary facility for moving it. Fia. 93. 

What are fa- ^45. The screw is 

miliar applica- generally used where 
ScrTw?*' ^^ 6^®^* pressure is to be 
exerted through small 
spaces ; hence its application in presses 
of all kinds; for extracting the juices 
of seeds and fruits, in compressing cot- 
ton, bay, etc., as also for coining and 
punching. For the two latter opera- 
tions it is caused to act with enor- 
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moiis energy by means of the momentam of two heavy balls attached to tho 
end of a long lever, or handle, as is represented in Fig. 93. A force of sev- 
eral tons may thus be applied at one eftbrt 

When the thread of a screw -piQ 94 

SSl^^irf works m the teeth ofa wheel, as 

is shown m Fig. 94, it constitutes 
what is called an endless screw. Such a con- 
trivance is oftentimes a very convenient method 
of applying power. 

246. The efficacy of a screw 

increases with the fineness of 

the thread ; bnt a practical limit 

is soon attained, for if the thread 

be made too fine, it will become 
weak, and be liable to be torn off. To obtain 



Describe the 
construction 
and advantage 
of Hunter's 
Screv. 
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an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter's screw," rep- 
resented m Fig. 95. It consists of a screw, A, work- 
ing in a nut To a movable bottom-board, D, a sec- 
ond screw, B, is affixed. This second screw works in 
the interior of A, which is hollow, and in which a 
corresponding thread is cut When, therefore, A is 
screwed downward, the threads of B pass upward, and 
the movable piece, D, urged forward by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 
* ' screw instead of being advanced through a space equal 

to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be 1-2 0th of 
an inch, and of B l-2l8t of an inch; then in turning the screw A once, the 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the 1-42 0th of an inch. Hence, if the circle described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. 

247. AU machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-engine, a loom, a spinning machine, or a time-piece, wo 
shall find that they are composed of simple levers, wheels and axle?, 
screws, etc., connected together in an endless variety of forms, to form a 
complete whole. 

^ ^^ _, In the practical application of machinery, it rarely or never 

Is the moying , .5^^, . - . ,,/■,.■,. xi 

force in ma- happens that the raovmg force is capable of producmg directly, 

*^ii d^directT^? the particular kind of motion required by the machine to per- 
form the work to which it is adapted. Expedients must 
therefore be resorted to, by means of which the motions which the moving 
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power is capable of exerting directl7 can be converted into those vrlach are 
necessary for the purposes to wliich the machine is apptied.^.'^'^^ 

How many 248. The varieties of motion which occur in 

tiln^V/ roSi machinery are divided into two classes, viz. : 

Suae?^?'*"*" BoTARY and Rectilinear Motion. 

What Is Rota. 249. In Rotary Motion, the several parts 

ry Motion? revolvc Tound an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same lime. 

^«rv . . * 250. In Rectilinear Motion, the several parfs 

What is R-c- _ . , , , . n 1 • 1 ^ 

tiiiuear Mo- of a movmg body proceed m parallel straight 
lines with the same speed. 

Examples of rotary motion are seen in all kinds of wheel work, and exam- 
ples of rectilinear motion in the rod of a common pump^ the piston of a steam- 
engme, the motion of a straight saw. 

WhatisRecin- ^^ rotary and • rectilinear motion, if tho parts move con- 
rocatijg Mo' stantly in the same direction, the motion is called continned 
**°° ' rotary, or continued rectilinear motion. If the parts move 

alternately backward and forward in opposite directions, passing over the 
same spaces from end to end contmually, tlic motion is called reciprocatmg 
motion. 

How are rota- 251. The method by which a power having one of these 
ry and redpro- motions may be made to communicate the same or a different 
converted i ito ^ii^^ ef motion, involves a lengthy description of a great 
each other? variety of machinery; but the most simple and common plan 
of converting rotary motion into rectilinear, and rectilinear motion back agam 
into rotarj', is by means of what is called a Crcmk. 

What h a 252. The Crank is a double winch, or han- 
crank? ^|g^ j^j^j jg f^rn^gd y^j lending an axle so as 

to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached _. 

to the middle of D, by a joint, G, is a rod, H, ^^' 

which is the means of imparting power to the crank. 
Thb rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a - 
circular motion round the axle A F.* 
What disad- "^^ disadvantage attendmg the 
▼antages at- use of the crank is, that it is incapa- 
of^the crank?* ^^® ^^ transmitting a constant force 

to the resistance. This is illustrated in Fig. 97. In No. 1, 

* The terms a^ds, axle, arbor, and shafl, In mechanics, ar-t generally understood to 
mean the bar, or rod, which passes throngh the center of a wheel. Agndtieon is the pin, 
or support, on wliich a horizontal shaft tarns ; the pins upon which an npright shaft tamt 
are called pirots. 
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where the arm of the crank is horizontal, the power 
from the rod acts with tlie greatest advantage, aa 
at the extremity of a lever. But when the rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the case twice during eveiy revolution, the power, 
however great, can exert no effect upon the resist- 
ance, the whole force being expended in producing 
pressure upon the axle and pivots of the crank. 
Such a situation of the rod and the arm of the 
crank is called the dead point, and when the ma- 
hinery stops, as is often the case, it is said to bo 
*'set," or "caught on its center." The diflBculty is 
generally overcome by the employment of a fly- 
wheel (§ 21), which, by its inertia, keeps up the 
motion. 

SECTION II. 



PBIOTION. 

What proper. 253. The most serious obstacle to the per- 
tiono[p^o^er in fectioii of machinery is Friction ; and it is 
£rt byS^tion? i^sually considered to destroy one third of the 

power of a machine. 

254. Friction is of two kinds : sliding and 
kiSds of'ml rolling. Sliding friction is produced by the 
tion are there? gjj^jjjjg^ ^j. dragging of ouo surfacc ovcr another ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as the weight, or pr^sure mcreases, as 

How does fric- ^^^ surfaces m contact are more extensive, and as the rough- 
uon iDcrease 7 _ i» ai 

ness of the surfaces increasa With surfaces of the same 

material, fnction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as the 

tioTdlmlnSff Polisli or smoothness of the moving surfaces is more perfect, 

and as the surfaces in contact are smaller. It may also be 

diminished by applying to the surfaces some unguent, or greasy material: 

oils, tallow, black-lead, etc., are commonly used for this purpose; they dimin^ 

ish friction by filling up the minute cavities and smoothing the irregularities 

that exist upon the surface.* Oils are the best adapted for diminishing the 

friction of metals, and tallow the friction of wood. 

• All bodies, however xnucli they may be polished, appes^ rough and uneven when 
examined with a microscope. 
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What are the ^^^* Friction, although an obstado in the working of ma- 
advantages of chinery generally, is not without some advantages. Without 
frictions' fiictiou, the stones and bricks used in building would tend to 

fall apart from one another. When nails and screws are driven into bodies, 
with a view of holding them together, it is friction alone that maintains them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
them from untwisting. In walking, we are dependent on friction for our 
foothold upon the ground : the diflSculty of walking upon smooth ice illus- 
trates this most clearly. Without friction we could not hold any body in tho 
hand; the diflBculty of holdmg a lump of ice is an example of this. Without 
friction, tho locomotive could not propel its load; for if the tire of the driving 
wheel and the rail were both perfectly smooth, one would slip upon the other 
without affording the requisite adhesion. 

256. Experiments seem to show that the friction of two 
tion between surfaces of the same substance is generally greater than tho 
Sfferent^ m^ friction of two unlike substances. The friction of polished 
stances com- steel against polished steel, is greater than that of polished 
P"*' steel upon copper, or on brass. So of wood and various 

other metals. 

25'7'. For transporting very heavy timbers, or large castings, 
TT^ls™ ^sld "wrheels of great size are used, as by their use the weight is 
for transport- moved with greater facility, and the roughness of the road 
"rdo-hts? ^ more easily overcome than with small wheels. The reason 
of this is, that the large wheels bridge over the cavities of tho 
road, instead of sinking into them ; and in surmounting an obstacle, the large 
circimiference of the wheel, causes the load to rise very gradually. 

The resistance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at the circumference 
of the wheel, but sliding friction at the axles. In a locomotive, the so-called 
driving wheels are turned by the force of the steam-engine ; the whole car- 
riage rolls on in consequence of this rotation ; for if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amount of sliding friction ; but by rolling, the wheels have 
only the much smaller rolling friction to overcome. The machme, therefore, 
moves onward, this being the direction in which its motion will experience 
the least resistance. 

The. load which a locomotive is capable of drawing depends, not only upon 
the force of its steam power, but also upon the weight of the engine, or, in 
other words, upon tho pressure of the driving wheels upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong engines, but that one is heavier than the other, a greater 
weight will be propelled by the heavier of the two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and bringing them to rest The diflferent modifica- 
tions of machinery employed for this purpose are termed Brakes, 



114 WELLS'S NATURAL PHILOSOPHY. 



PRACTICAL PROBLEMS IN MECHANICS. 

1. What mnst be the home-power of a locomotirc engine which moves at tho constant 
speed of .5 miles per hoar, on a level track, the wei;;ht of the train being 60 tons, and the 
resistance from friction being equal to 4SJ pounds? 

2. If a lerer, twelve feet long* have its fulcrum 4 feet from tho weight at one end, and 
this weight be 12 pounds, what power at the other end will balance t 

3. In a lever of the first class a power of SO at one end balances a weight of 100 at the 
other : what is the comparative length of the two arms ? 

4. In a lever of the first class, 6 feet in length, the power is 76, and the weight 130 
pounds: where must tbe fulcrum be placed in order that the two may balance? 

6. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; one 
of them being weak can carry only T5 pounds, leaving the rest of the load to be carried 
by the other : how far from the end of the pole must the weight be suspended ? 

6 A lever of the second class is CO feet long : at what distance from the fulcrum must 
a weight of 8J pounds be placed in order that it may be sustained by a power of GO 
pounds f 

7 In a lever of the third class, 8 feet long, what power will be required to balance a 
weight of lUO pounds, the power being applied at a distance of 2 feet from the fulcrum? 

8 A power of 5 pounds is required to lift a weight of 20, by means of tho whcd and 
axle : what must be the proportionate diameters of the wheel and axle ? 

9. A power of 60 acts on a wheel 8 feet in diameter : what weight suspended from a 
rope winding round an axle 19 inches in diameter will balance this power ? 

10 In a set of cog-wheels the diameters of whael and axle are, first 7 and 8, 
second 8 and 1, third 9 and 1 : a power of £6 being applied at the circumference of the 
first wheel, what weight will be sustained at the axle of the third? 

11. What weight will a power of 8 sustain v:ith. a system of 4 movable pulleys, one 
cord passing round all of them ? 

12. Suppose a power of 100 pounds applied to a set of 2 movable pulleys, what weight 
will it sustain, allowing a deduction of l^o thirds for fiiction? 

13. If a man is able to draw a weight of 200 pounds up a perpendicular wall 10 feet 
high, how much will he be able to draw up a plank 40 feet long, sloping from the top of 
the wall to the ground, no allowance bci.ig made for friction? 

Solution.— In this the height (10) is to the length (43) as the weight (200) is to the re- 
quired weight 

14. If a man has just strength enough to lift a cask weighing 196 pounds perpendicu- 
larly into a wagon 3 feet lii^h, what weight could he raise by means of a pUnk 10 feet 
long, with one end resting upon the wagon, and the other on the ground? 

15. Tho length of a plane is 12 feet, the height is 4 feet : what is the proportion of the 
power to the weight to be raised ? 

16 The distanco between the threads of a screw bein*? half an inch, and the circumfer- 
ence describad by the power 10 feet, what proportion will exist between tlie power and 
tho weight ? 

Solution.— The power will be to the weight as half an Inch, the distance between the 
threads, is to 10 feet (240 half inches), the circumference described by the powcr-l to 240. 

17. A power of 20- pounds aeting at the end of a lover attached to a screw describes a 
circle of 100 inches: whnt resistance will the power overcome, the distance between the 
threads of the screw being 2 inches? 
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SECTION I. 

ON THE STRKNGTn OP MATERIALS. 



uponwhatdoes 258. When materials arc employed for 
^nifiri^^d^f mechanical purposes, their power, or strength, 
P®°**' for resisting external force, apart fmm the na- 

ture of the material, depends upon tho shape of the 
materinl, its bearing, or manner of support, and the nature 
of the force ajiplied to it, 

undcrirhatcir- 259. A beam, or bar, will sustain tho greatest 
r£Sra"wst!aS application of force, when the strain is in the 

lirection of its length. 

260. The strongest of all metals for resisting tension, or a 



i^^f^^^ direction of its len;j:th. 



2rengthof dtf! direct ptill, is iron in tho condition of tempered steel Tho 
ferent siibstan- strength of metals is affected by their temperature, being 
cesvary? diminished, in general, as their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or windy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as tho 
root trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Eopes which aro damp, 
are stronger than tliose which are dry ; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
things bemg equal, a rope of silk is three times stronger than a rope of flax. 

iioir does the 261. Of two bodics of similar shape, but of 
Secf fts*^^^ diflferent sizes, the larger is proportionably the 
rtrength? weaker. *> ^ 

• A knowledge of the strength of various materials In reri«5ting the action of forces ex- 
erted In different directions, is of great importance in the arts. In the following tahles 
are collected the resnlts of the roost recent and extensive experiments upon this sntject. 
The bodies snhjected to experiment are supposed to be in the form of long rods, the cross- 
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That a large body maj have the proportionate strength of a smaller, it must 
contain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will &J1 to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature aud art — of trees, of animals, of architectural or mechan- 
ical structures. 

In wh*t pod- 262. The strength of a rectangular beam, or 
SlTgiSir'bSSi ^ beam in the form of a parallelogram, when 
theutrongcbtf j^g narrow sido is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are subjected to transverse 
strain, as in the rafters of roofe, floors, etc^ they are always placed with their 
narrow sides horizontal, and their broad sides verticaL 

sectton of which measures a square inch; in the second colnmn is given the amonnt of 
breaking weights, which are the measure of their strength in resisting a direct pall. 



Name. 

Ist Metals:— 
Steel, tempered. 
Iron, bar 

— plate, rolled.. 

— wire 

— Swedish mal- 

leable 

— English do. . 



Silver, cast 

Copper, do. 

— hammered. 
Brass, cast 

— wire 

— plate 

Gold 

Tin. 



from 114794 to 168471 
B3183 — 84C11 
53920 
63736—112905 

72004 

66S72 

1G2« 

40397 

20320 — 37380 

37770 — 8D9CS 

17D47 — 1947i 

47114 — 58931 

63240 

204:^0 — 65237 



-19464 



Name. 
Metals;— 

Tin, cast from 

Zinc " 

Lead, wire " 

2d. Woods ;— 

Teak " 

Sycaniore " 

Beech " 

Elm " 

Larch »* 

Oak " 

Alder " 

Box " 

Ash " 

Pine " 

Fir " 



4736 
1820 
2513 to 



12916 — 16405 

9630 
12225 

9720 — 15040 
10240 

10S67 — ?6851 
11453 — 21730 
14210 — 24043 
1P4S0 — S3455 
10038 — 14965 

6391 — 1^876 



The following table shows the ayerage weights sustained by wires of difTerent metals, 
each liaving a diameter of about one twelfth of an inch ; 



Lead 27 pounds. 

Tin 34 " 

Zinc 109 " 

Gold 150 " 



Silver 187 pounds. 

Platinum 274 " 

Copper 303 ** 

Iron 649 " 



Cords of different materials, but of the same diameter, sustained the following weights : 

Common flax 1175 pounds. I New Zealand flax 2n80 pounds. 

Hemp.. 1633 " | Silk .3400 »* 

The following table shows the weights necessary to crush columns or pHlars composed 
jof different metals; the numbers caressed in the second column being the total crush- 
'ing weight in lbs. per square inch : 

Name. Ibk Hm. 

2d. Woods:— 

Oak. from 8860 to 514T 

Pine " 1928 

Elm " 1284 



Name. 




lbs. 


Iba. 1 


it Metals: 








Cast iron 


..from 115813 to 177776 
. " 1648^4 


BraFs, fine 


Copper, molten.. 


t( 


117088 




— hammered. " 


108040 




Tin, molten 


»t 


15456 




Lead, molten 


t( 


77-28 





8d. Stones :— 

Granite 

Sandstone 

Brick, well baked. 



«)70 
2556 
1092 



ON THE STBENGTH OF MATEItlALS. 
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The strength of a structure depends, in a very great degree, on the manner 
in which the several parts are joined together, and by a skillful combmation, 
or interlocking, very weak and fragile materials may be made to resist the 
action of powerful forces. Examples of this occur in the manufacture of 
ropes, strings, thread, etc. ; in the weaving of baskets, and especially in the 
structure of doth; in this last instance, a series of parallel threads called the 



Fig. 98. 







"^^KHnflmhrllirimhriH^ 



woofy is made to interlock with 
another series of threads called 
the warp, running transversely 
across, and passing alternately 
over and under the first series. 
Fig. 98 represents the appear- 
piltJrC ance of a piece of plain cloth 
'" " ^ — seen through the microscope; 
the alternate intersections of 
the threads are seen in the 
lower figure, the dots repre- 
senting the ends of the warp 
threads, and the cross Ime the woo£ 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, sevenil 
beams may be joined together, in a variety of ways, so that 
reiy great strength is obtained without a very great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 
ing, etc. 

Fig. 99. 




What is Bcarf- 
ti^ and inter- 
locking? 



264. Scarfing and interlocking is the methoi 
of insertion in which the ends of pieces over- 
lay each other, and are indented together ^ so 
as to resist the longitudinal strain by extension, as in tie 
bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which the 
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Wbst is 
tongoins' 



What U doT8- 
taiAngi 




edges of boards are wholly, or partially received 
by chaunela ia each other. 

*266. Dovetailing is a Fig. lOO. 

metliod of iDsertion in 
which the parts are connected by ^=^=- 
wedr/t'Shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 
What is mor- 267. Mortising is a method of insertion in 
tiJyg? which the projecting extremity of one timber is 
received into a perforation in another. (See Fig. 101.) The 
Fio. 101. opening or hole cut in 

one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into a mor- 
tise, for fastening two timbers together, is called a tenon. 
268. The form in which a given (quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 
of the same quantity of matter made into a solid rod. 

«,^ . M Tlie most beautiful and striking illustrations of this princi- 

What are il- , . . „, , Z , . , , , 

lustrations of plo occur m nature. The bones of men and animals are hol- 
thi3 priQciple ? Jq^^ ^nd nearly cylindrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheat, 
rice, oats, etc., which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
li^'htness, is most remarkable. In this form they not only sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, espocially 
those made of metal, this principle is taken advantage of.* 
* In that most £^gantlc work of modem engineering, the Britannia Tubular Bridget 




In what form 
can a g^ven 
quantity of 
matter be ar- 
ranged to op- 
pose the great- 
est resistance i 
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269. A beona, sapported at its two ends, 'v^hen bent bj its 
beut ia the weight in the middle, has its liability to break greatly in- 
r^h^*ak»*****^ creased, because the destroying force acts with the advantage 
of a long lever^ reaching from the end of the beam to the cen- 
ter ; and the resisting force or strength acts only with the force of a short lever 
from the side to the center; at the same time, a little only of the beam on the 
under side is allowed to resist at all 

Tliis last circumstance is so remarkable, that the scratch of a pin on the 
under side of a beam, resting as here supposed, will sometimes suffioe to begin 
the fracture. 

SECTION II. 

AFPUCATION OF UATEBIALS FOR ARCHirKCrURAL OB STBCCTUBAL PUBPOSSS. 

whatisArcw- 270. Architecture, in its general sense, is the 
"** art of erecting buildings. In modern use, the 
name is often restricted to the external forms, or styles of 
buildings. 

T h t d '^^ different yarleties of architecture undoubtedly owe their 

the different origin to the rude structures which the climate or materials of 
lirchittxtare*^ any country obhged its early inhabitants to adopt for tempo- 
pr.'bab^ owe rary shelter. These structures, with all their prominent fea- 
thciro o i tures, have been afterward kept up by their refined and 
opulent posterity. Thus the Egyptian style of architecture had its origin in 
the cavern, or mound. The Chinese architecture is modeled from a teut; the 
Grecian is modeled from the wooden cabin ; and the Gothic, it has been sug- 
gested, from the bower of trees. 

On what docs 271. Thc Strength of a building will princi- 
abiiiwinfprilf- P^^ly depend on the walls being laid on a good 
cipaiiydepend? j^jj^j fl^jjj fouudation, of sufficieut thickncss at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of its 
parts. 

crossing the Menai Struts, which separate the island of Anglesea fVom the mainland of 
Great Britain, advantage has heen taken of the strength of matter arranged in the form 
of a tuhe or hollow cylinder. The entire bridge is formed of imm(n8e rectangular tnbea 
o' iron, 26 feet high in the center, 14 feet wide, and having an entire length of 1513 feet, 
with an elevation ahove the water of more than 100 feet The sides of the tubes are also 
eomposed of smaller tnbes, united together in a pecnliar manner, so as to obtain the 
maximum of strength from the form of structure ; and so great is this strength, that a 
train of loaded cirs, weighing C8f) tons, and irapolled with great velocity, deflects the 
tubes in their centers less than three fonrths of nn inch. The entire weight of the tnbes 
composing this bridge is upward of 10 600 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amount of iron in the form 
of a solid rod or beam, would not probably have Bostained its own weight. 
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. na • * 272. A PILE, in architecture and engineei- 
ing, is a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtained. 

Wh ar o«i. ^ constructing columns for the support of the various parts 
amns suroort- of a building, or of great weights, they are made smaller at 
lar-nsr \t «S *^® *^P *^^ ** *^® bottom, because the lower part of the 
bottom Ului column must sustiun not only the weight of the superior part, 
the top? y^^^ jjg^ ^YiQ weight which presses equally on the whole 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What u an 273. An ARCH is a concave or hollow struct- 
•^^ ure, generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
all the otiier parts constituting the curve are sustained in their positions by 
their mutual pressure, and by the adhesion of the cement interposed between 
their sur&ces. 

A continued arch is termed a vault 

„^ , ^ An arch is capable of resisting a much greater amount of 

Whylsanarch , , . . , , 

stronger than pressure than a horizontal or rectangular structure constructed 
\ horizoatal ^f ^q game materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alike, and they are therefore in no danger of being torn or overcome 
separately. 

274. The vertical wall which sustains the base of an arch 

abutmentf is termed an abutment: when there are two contiguous 

arches, the intermediate supportiAg wall is called a pier. 

"iVhat are il- '^ beautiful Implication of the principles of the arch exists 

lustrations of '^^ the human skull, protecting the brain. The materials are 

of Uie a?ch?^' ^^^ arranged m such a way as to afford the greatest strength 

with the least weight The shell of an egg is constructed 

upon the principle of the arch ; and it is ahnost impossible to break an egg 

with the hands, by pressing directly upon its ends. A thin watch-glass, for 

the same reason, sustains great pressure. A dished or arched wheel of a 

carriage is many times stronger to resist all kinds of shocks than a perfectly 

flat wheel. A full cask may fall without damage, when a strong square box 

would be dashed to pieces. 

What is an 275. By au order in architecture we under- 
tecturef ' staud 0, Certain mode of arranging and decor- 
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ating a colamii, and the adjacent parts of the stractore 
which it supports or adorns. 

How many oi- 276. Fivc ordcrs are recognized in architec- 
tosTare *"^ ^^^ — *^® Doric, Ionic, and Corinthian, de- 
"^"' rived from the Greeks ; to these the Romans 

added two others, known as the Tuscan and Composite. 
What is a R- 277. A Pilaster is a square column gener- 

^^^ ally set within a wall, and not standing alone. 
whatisaPor- 278. A Portico is a continued range of col- 

****' umns, covered at the top to shelter from the 

weather. 
What are Bai- 279. Balustcrs are small columns, or pillars 

asters? ^f wood, stouc, ctc, uscd iu tcrraccs or tops 
of buildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade. 
Into Tfhat tiro 280. Au ordcr, in architecture, consists of 
OT^^'faVreS' ^^^ principal members — the column and the 
tecturedivid^d? eutiibl iturc— cach of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 

Entabiature? tiuuous portiou which rcsts upou a row of 
columns. 

Intohoirinanj It is divided into the architrave, which is the lower part of 

parts is the EiH ^g Entablature: the frieze, which is the middle part: and 

tablature di- ^, .^\^^^. • j.- ^ 

Tided r the cornice, which is the upper, or projecting part 

282. The column is divided into the base. 

Into how many •• •. /. i i • i 

parts is the the shaft, aud the capital. 

oolttxnn divided ? 

The base is the lower part, distinct from the shaft ; the 

shaft is the middle, or longest part of the column ; the capital is the upper, or 
ornamental part resting on the shaft. 

The height of a column is always measured in diameters of the column 
itsel? taken at the base of the shaft. Thus we say the height of the Doric 
column is six times its diameter, and the height of the Corinthian, ten diam- 
eters. Pig. 102 represents the various parts of an order of architecture. 

What is the 283. The Fa9ade of a building is its whole 

Facnde of a fpnnf 

Building? iront. 

Architecture ought to be considered as a useful, and not as 
a fine art. It is degradmg the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a fine 

6 
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painting stand as a fire-board. Oar houses are for use, and architecture is, 
tliereforo, one of the useful arts. In building, we should plan the inside firs^ 
and then the outside to cover it It is in bad taste to construct a dwelling- 
house in the form of a Grecian temple, because a Grecian temple was intended 
for external worship^ not for a habitation, or a place of meeting.* 

Fio. 102. 



EnUtdaton.. 



Btylobata, or Pe- 




Plinth. 



Hoir nay an 
ffstimate of the 
durabUity of 
■tone for archi- 
tectural pnr- 
poiesbemade? 



284. In selecting a stone for architectural purposes, we maj 
be able to form an opinion respecting its durability and per- 
manence. By visiting the locality from whence it was ob- 
tained, we may judge from the surfaces which have been long 
exposed to the weather if the rock is liable to yield to atmos- 
pheric influences, and the conditions under which it does so. For example^ 
if the rock be a granite, and it be very uneven and rough, it may be inferred 
that it is not veiy durable; that the feldspar, which forms one of its compc 

* Pvo£ Henry. 
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nent parts, is more readily decomposed by the action of moisture and frost 
than the quartz, which is anotlier ingredient ; and therefore it is very unsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance, it may be set down as highly perishable, owing to the attraction 
■which this iron has for oxygen, causing tho rock to increase in bulk, and so 
disinteg^te. 

Sandstone termed freestones, are ill adapted for the external portions of 
exposed buildings, because they readily absorb moisture ; and in countries 
where frosts occur, the freezing of the water on the wet sur&ce continually 
peels ofif the external portions, and thus, in time, all ornamental work upon 
the stone will be defisuied or destroyed. 



CHAPTER VIII. 

HYDROSTATICS. 

SSLrfH*! 285. Hydrostatics is that department of 
drostatics? Physical Science which treats of the weight, 
pressure, and equilibrium of water,* and other liquids at 
rest. 

* Water is a fluid composed of oxygen and hydrogen, in the proportion of 8 parts of 
oxygen to 1 of hydrogen. It is one of the most abundant of all substances, constituting 
three fourths of ttie weight of living animals and plants, and covering about three-fifths 
of the earth's surface, in the form of oceans, seas, lakes, and rivers. 

In the northern hemisphere the proportion of land to irater is as 419 to 1000 ; while in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has never 
been ascertained. Soundings were obtained in the South Atlantic in 1863, between Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about miles. Other 
•ounding!!, made during the recent U. S. survey of the Gulf Stream, extended to the 
depth of 34,200 feet without finding bottom. The average depth of the ocean has bcea 
estimated at about 3003 fathoms. 

Notwithstanding this apparent immensity of the ocean, yet, compared with the whole 
bulk of the earth, it is a mere film upon its surface ; and if its depth were represented on 
an ordinary globe, it would hardly exceed the coating of varnish placed there by the 
manufacturer. 

The source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantly rising into the atmosphere in the form of 
vapor, which again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs and rivers, which all at last discharge into the ocean, the point from which 
they originally came, thus forming a constant round and circulation. " All the rivers 
run into the sea, yet the sea is not full," because the quantity of water evaporated from 
the sea exactly equals the quantity poured into it by the rivers. In nature, water is 
never found perfectly pure; that which descends as rain is contaminated by the impuri- 
ties it washes out of the air; that which rises in springs by the substances it meets with 
in the earth. Any water which contains less than fifteen grains of solid mineral matter in 
a gallon, is considered as comparatively pure. Some natural waters are known so pure 
that they contain only l-20th of a grain of mineral matter to the gallon, but such instances 
ar« very rare. Water obtained from different sources may be elassed, as tegards oom« 
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AroMajidBcom^ 286. Liquids have but a slight degree of 
elastic^ compressibility and elasticity, as compared 

with other bodies. 

,^ , ,„ 287. The elasticity of water maybe shown in various ways. 

What are llla»- ,„, „ ... ^ ^ i ^i. _i. x. 

trationa of the When a flat stone is thrown so as to strike the surface of 

dtrtlcltyofwa- ^ater nearly horizontally, or at a slight angle^ it rebounds 
with considerable force and frequency. Water also dashed 
against a hard sur&ce shows its elasticity by flying off in drops in angular 
directions. Another familiar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attadied to some surface for 
which it has a strong attraction. The drop will elongate, or allow itself to bo 
drawn out to a considerable degree, before the cohesion of its constituent par- 
ticles is wholly overcome ; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
Its original form and position. Mercury is much more elastic thim water, and 
rebounds from a reflecting surface with considerable velocity and violence. 
The exercise of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter ia 
regarded as inelastic and uncompressible ; or, in other words, the elasticity 
and compressibility of water produce no appreciable effects. 
To what "^^^ compressibility of water is not so easily demonstrated 

tent has water as is its elasticity, although the elasticity is a direct consc- 
prewedT*' quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square inch, was reduced in bulk 1 part in 24. 

In wh t man ^^^* ^^ ^'^^ bodies, as has been already shown (§§ 34, 

ner do the par- 36), the attractive and repulsiva forces existing between tho 
ticlesofUquWa particles are so nearly balanced, that the particles move upon 
each other? each other with the greatest facility. Tho particles which 
make up a collection of fine sand, or dust, also move upon 
each other with great facility : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they may be rendered, possess 
this property. 

289. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. : — 

parafiye pnritf, as follows ; Rain water must be considered as the purest natural wate~, 
especially that which falls ia districts remote from towns or habitations; then comes 
river water; next, the water of lakes and ponds; next, spring waters ; and then tho 
waters of mineral springs. Sacceeding these, are the waters of great arms of the ocean, 
into which immense rivers discharge their volnmes, as the water of the Black Sea, which 
13 only brackish ; then the waters of the ocean itself: then those of the Mediterranean 
and other inland was; and last of all, the waters of those lakes which have no outlet, as 
the Dead Sea, Caspian, Great Salt Lake of Utah, etc etc. 

All natural waters contain air, and sometimes other gaseous substances. Fishes and 
other marine animals are dependent upon the air which water contains for their respira- 
tion and existence. It Is oaring to tho presence of air in water that it sparkles and 
bubUesi 
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Wluit great lair 
oonsfcitates the 
buis of aU the 
mechanical 
phenomena of 
uqoidsf 




290. Liqaids transmit pressure eqnallj in 

all directions. 

This remarkable property constitiites a rerj diaracteristic 
distinction between solids and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, while liqaids press eqnallj in aU dlrectioD^ 

upward, downward, and sidewaja 

„. , ,^ In order to obtain a dear Fio. 103. 

lUnstrate' the ■, __^ ,. *. ^, . . 

eqoality of understanding of the prmci* 

PfJ"**" ^ ^^' pie of the equality of pressure 
in liquids, let us suppose a 

ressel. Fig. 103, of any form, in the sides of 

which are several tubular openings, ABC 

D E, each dosed by a movable piston. If 

now we exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure will be communicated to the water, 

which will transmit it equally to the internal 

face of all the other pistons, each of which 

win be forced outward with a pressure equal to 20 pounda^ ptrorided their 

surfaces in contact with the water are each equal to that of the first piston. 

But the same pressure exerted on the piston? is equally exerted upon all parts 

of the sides of the vessel, and therefore a {pressure of 20 pounds upon a pquare 

inch of the sur&ce of the piston A, wiQ produce a pressure of 20 pounds upon 

every square mch of the interior of the surface of the vessel containing the 

liquid. 

Fio. 104 The same prindple may 

also be shown by another 
experiment Suppose a 
cylinder. Fig. 104, in which 
a piston is fitted, to terroi- 
nate in a ^be, upon the 
odes of which are fittle 
tubular openings. If tho 
gk>be and the cyliDdcr are 
filled with water, and the 
piston prewed down, tho 

liquid will jet out equally from all the orifices, and not solely l^om the ono 

which is in a direct line with, and opposite to the piston. 

291. This property of transmitting pressure equally and 
In what man- « , . '^ f. . . . -,.,.- -i 

ner maf a liq- fi'eely m every direction, is one m virtue of which a l.qnia 

^^^jj^j** • becomes a machine, and can be made to receive, di«triboto, 

and apply power. Thus^ if water be confined in a veasel, 

and a mechanical force exerted on any portion of it, this force will bd at oooe 

transmitted throughoot the entire mass of liquid. 
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What is the Hy. ^^ effects of the practical application of tliis principle aro. 
droBtatio Para- go remarkable that it has been called the Hydrostatic Tara- 
dox, since the weight, or force, of one pound, applied through 
the medium of an extended surface of some liquid, may be made to produce 
a pressure of hundreds, or even thousands of pounds. Thus, in Fig. 105, A 
FiQ. 105. ^^^ * *"*® ^^^ cylinders containing water connected 

by a pipe, each fitted with a piston in such a way as 
to render the whole a close vessel. Suppose the 
area of the base of the piston, p^ to be one square 
^ inch, and the area of tlie base of the piston, P. to be 
1,000 square inches. Now any pressure applied to 
the small piston will be transmitted by the water to 
the large piston ; so that every port on of surface in 
the large piston will be pressed upward with the 
same force that an equal portion of the sur&ce in the small piston is pressed 
downward. A pressure, therefore, of 1 pound acting on the base of the pis- 
ton p, will exert an outward pressure of 1,000 pounds acting on the base of 
the piston P ; so that a weight of 1 pound restmg upon the piston /?, would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
forces *^actine ^^™ ^** °^ ^^® forces acting on a lever having unequal 
in the Hydro- arms ui the proportion of 1 to 1,000. A weight of 1 pound 
Srapare' with ^^^^S OH the longer arm of such a lever, would support, or 
the forces act- raise a weight of 1,000 pounds acting on the shorter arm. 
S a*lcver?"™* ^^® Uquid contained in the vessel, in the present case, acts 
as the lever, and the inner surface of the vessel containing 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cyhnder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
until space is obtained for the water which has been expelled from the cylin- 
der (L But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P must be raised to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through 1 inch, the 
weight of 1,000 pounds on P will be raisad through only 1-1, 000 th part of an 
inch. If this process were repeated a thousand times the weight of 1,000 
pounds on P would be rais'.'d through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000 
mches. The mechanical action, therefore, of the power in this case, is ex- 
pressed by the force of 1 pound acting successively through LOOO inches, 
while the mechanical effect produced upon the resistance is expressed by 1^00 
pounds raised throuorh 1 inch. 

What is a Hy. ^92. The Hydraulic, or Hydrostatic 
drauiic Press? Press, is E machine arranged in such a man- 
ner, that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions, may be 
practically applied. 

The principle of the construction and action of the hydraulic press is ex- 
plained in the preceding paragraph (§291), and Fig. 105, represents a section 
of its several parts. jij^ 206 




Fig. 1 06 represents the hydraulic press as constructed for practical purposes. 
In a smal^ylinder, A, the piston of a forcing pump, P, works by means of 
the handle vM. The cylinder of the forcing-pump, A, connects, by means of a 
tube, K, l/eiding from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity attached to a movable iron plate, 
which works freely up and down in a strong upright frame-work, Q. Be- 
tween this plate and the top of the frame- work the substance to be pressed is 
placed. To operate the press, water is raised in tho forcing-pump. A, by 
raising the handle M, from a small reservoir beneath it, a; by depressing tho 
handle, the water filling the small cylinder A is forced through a valve, H, 
and the pipe K, into the larger cylinder B, where it acts to raise the larger 
piston, and causes it to exert its whole force upon the object confined be- 
tween the iron plate and the top of the frame-work. If the area of the base 
of the piston p is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of on© pound on p 
will exert an upward pressure of 1,000 pounds on P. 
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As thiis oonstracted, the hydraulic presa constitatea the most powerful 
mechanical engine with which we are acquainted, the limits to its power 
being bounded only by the strength of the machinery and materiaL By 
means of thia press, cotton ia pressed into bales, ships are raised from the 
water for repair, chain-cables are tested, etc. eta 

Win liquids 293. As liquids transmit pressure equally in 
Sr"w3i''*M fl-U directions, it follows that any given portion 
downward r ^f ^ liquid contained in a vessel will press up- 
ward upon the particles above it, as powerfully as it 
presses downward upon the particles below it. 

This fact may be illustrated by means of 




Bow is the np- . 

ward pressure the apparatus represented in Fig. 1 07. If 
of lUrii^^own a pi^te of metal, B, be held against the bot- 
tom of a glass tube, y, by means of a string, 
V, and immersed in a vessel of water, the water being up to 
the level n ti, the plate B will be sustained in its place by the 
upward pressure of the water; to show that this is the case, ^ | 
it is only necessary to pour water into the tube g, until it 
rises to the level n n, when the plate will immediately fall, 
the upward pressure below the plate B being neutralized 
by the downward pressure of the water in the tube g. 

" Some persons ficd it difficult to understand why there 
should be an upward pressure in a mass of liquid, as well 

as a downward and lateral pressure. But if in a mass of 

liquid the particles below had not a tendency upward equal 
to the weight, or downward pressure of the particles of liquid above thentJ, 
they could not support that part of the liquid which rests upon them. Their 
tendency upward is owing to the pressure around them from which they are 
trying to escape."* 

294. The pressure exerted by a 
column of liquid is proportioned to, 
or measured by the height of the 
column, and not by its bulk, or 
quantity. 

If we take a tube in the form of the letter U, with one of its 
branches much smaller than t\e other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same height in both tubes. The great mass 
of liquid contained in the larg^ tube. A, exerts no more press- 
ure on the liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contained, the water would rise to no greater elevation in D 
than in A. 

• Amott * 



To whiit ia the 
pressure of a 
colutiin of liq- 
uid propor- 
tional? 



Fig. 108. 
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What is the 
principle and 
acdon of the 
Hjdrostatio 
BeUoiTB? 



Fig. 109. 



w -^y 



The principle that the pressure exerted by a column of 
water is as its height, and not as its quantity, may be also 
aiustrated by the Hydrostatic Bellows, Fig. 109. This con- 
sists of two boards, B C and D E, united together by means 
of cloth, or leather. A, as in a common bellows. A small ver- 
tical pipe, T, attached to the side conmiunicates 
with the interior of the bellowrs. Heavy weights, 

f"W W, are placed upon the top of the bellows 
when empty. If water be poured into the verti- 
cal pipe, the top of the bellows, with the weights 
upon it, will be lifted up by the pressure of the 
water beneath; and as the height of the column 
of water increases, so in like proportion may the 
weights upon the top of the bellows be increased. 
It is a matter of no consequence what may be the 
diameter of the vertical tube, since the power of 
the apparatus d»pends upon the height of the col- 
umn of water in the small tube, and the area of 
the board, B C ; tJiOt is, the weight of a smalt col- 
umn of water in ihe vertical pipe, T, wiU be capable 
of supporting a weight upon the board, B C, greater 
thanthe weight of the water in ihe pipe, in thesama 
D proportion as the area of board B C is greater than 
ihe sectional area of the bore of tM pipe. Thus, if 
the area of the bore of the pipe be a quarter of an inch, and the area of the 
board forming the top of the bellows a square foot, then the proportion of the 
pipe to the board wiU be that of 576 to 1 ; and, consequently, the weignu 
capable of being supported by the board will be 576 times piG. 110. 
the weight of the water conta,ined in the pipe. 

In this manner a strong cask, a, Fig. 110, 
filled with liquid, may be burst by a few 
ounces of water poured into a long tube, b c, 
communicating with the interior of the cask. 
This law of pressure is sometimes exhibited 
on a great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in Fig. Ill, to com- 
municate with an internal cavity formed in a mountain, with- 
out any outlet Now, when the fissure and cavity become 
filled, an enormous pressure is exerted, sufficient, it may be, 
to crack, or disrupture, the whole mass of the mountain. 

The most striking effects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crushed in by the pressure, before it has 
reached a depth of GO feet. Divers plunge with impunity to 
certain depths, but there ia a limit beyond which they can not sustain tho 

6* 
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What are il- 
lustrative ex- 
amples of the 
pressure of 
Uquids? 
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immense pressure on the body 
exerted by the water. It is prob- 
able, also, that there is a limit of 
depth beyond which each spe- 
cies of fish can not live. The 
principle of the equal transmis- 
sion of pressure by liquids, how- 
ever, enables fishes to sustain a 
very great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them presses inwards. 
"When a ship founders at sea, the great pressure at the bottom forces tho 

water into the pores of the wood, and increases its weight to such an extent 

that no part can ever rise again. 

Upon what does 295. The pressurc upon the bottom of a vessel 

u^n the "bi,?- contaming a liquid, is not effected by the shape 

Sntataing^K? of the vessel, but depends solely upon the area 

nid depend y ^f ^.j^^ \yQj^^ and its depth below the surface. 

This arises fi"om the law of equal distribution of pressure in liquids. Fig. 

112 represents two different vessels 
Fig. 112. having equal bases, and the same per- 

L. C; pendicukr depth of water in them- 
I Although the quantity of water con- 
r^-J J tained in one is much greater than in 
^ii^^^ the other, the pressure sustained by 
A ~~"jg these bases will be thesame. 

In a conical vessel, Fig. 113, tho 
base, C D, sustains a pressure measured by the height of the column, ABO 
D J for all the rest of the liquid only presses on A B C D laterally, and resting 

Fig. 113. Fig. 114. 





on the wdes, E C and F D, can not contribute any thing to the pressure on 
the base, D. But in a conical vessel, of the shape represented in Fig. 114, 
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the pressure on A B a portion of the base, E F, is measured by the column 
A B C D as before ; but the other portions of the liquid not resting on the 
sides also press upon the bottom, £ F ; and as the pressure of the column A 
B G D is transmitted equally, every portion of the base, B F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B C D ; therefore the whole pressure on tlie base, E F, is the 
same as if the vessel had been cylmdrical, and filled throughout to the height 
indicated by the dotted Unes, Gr K 

296. Hence, to find the pressure of water upon the bottom at any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppos3 the area of the base of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
tho bottom of the vessel, tho weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 

2X3=6 cubic feet. 

0X1,000—6,000 oz.— pressure on the base of the vessel 

• "The actual pressure of water mny also be calculated from the following data. It is 
ascertained that the weight of a cubic inch of water of the common temperature of 62' 
Fahrenheit, la a portion of a pound expressed by th^ decimal 0-036065. The pressure, 
therefore, of a column of water one foot high, having a square inch for its base, wiU be 
found by multiplying this by 12, and consequenUy wiU be 0-4328 lb. 

"Tho pressure produced upon a square foot by a column one foot high, wiU be found 
by multiplying this last number by 144, the number of square inches forming a square 
foot; it wiU therefore be 02-3:33 lbs. 
TiOle showing thepreamre in lbs, per gmiara inch and square foot, produced by wUer 
at various depths. 



How can we 
calculate the 
pressure upon 
the bottom of 
a vessel con- 
taiaiag water ? 
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PreMure per 
Sqnare Inch. 


Pressure per 
Square Foot. 


^/eS.^^ 


Sqnare Inch. 


Pressure per 
Square Foot. 


I. 

II. 

IIL 

IV. 

V. 


lbs. 
0-4323 
0-8653 
1-2984 
1-7312 
21610 


lbs. 
62-32r3 
124-6464 
186-t>696 
249-2'):'8 
311.6160 


VI. 

VII. 

VIII. 

IX. 

X. 


lbs. 
2-6968 

3-or98 

3-4624 
4-3280 


lbs. 
878-9392 
426-^6^4 
498-5856 
560-9083 
623-2320 



« By flie aid of the above table, the actual pressure of water on each part of the surfece 
of a vessel containing it can always be determined, the depth of such part ^etog gi™. 
Thus, for example, if it be required to know the pressure upon a square /««* <>' f J« ^^ 
tom of a vessel where the depth of the water is 25 feet, we find from the above tabte, that 
tee pre«iure upon a square foot at the depth of 2 feet is 124-64C4 lbs. ; and, con«q"«^«J 
the pressure aHhe dVpth of 2D feet is 1240-434 lbs. ; to this, !«* ^^J P^^^"" » *^.« ^ 
of 6 fXas given in the table, be added: 1246-464+311-616=1558-080 lbs., whichis, there- 

'"^IfteTq^l'dtE^^^^ 

compared wUh water is known, the calculation is made firstforwater and ^ 

multipUed by the number expressing the proportion of the weight of the given Uquid to 

that of water, the result will be the required preBsure."-Zardn«r. 
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How is the 298. As liquids transmit pressure equally in 

fiqiiwlx^ ^11 directions, this pressure will act sideways 
^***'*"y' as well as downward, and the pressure at any 

115. point upon the side of a vessel con- 

' taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the surface. 

Fig. 115 represents a vessel of water with 
orifices at the side, at dififerent distances from 
the surface. The water will flow out with a 
force proportionate to the pressure of the water 
at thase several potil'ts, and this pressure is 
proportionate to the depth below the surface. 
Thus, at a the water will flow out with the 
least force, because the pressure is least at that 
point At h and c the force and pressure will be greater, because they are 
situated at a greater depth below the sur&ce. 

How ma the ^^^* ^"^ ^^^ ^^^ pressuTO upou the side of a 
preasure upon vcssel coutainiue watcr, multinly the area of 

the Bide of a -ii ?i/»*iiiiTi i 

vessel of water tii3 siuc Dv ouc halt its wholc depth bclow the 

be CAlcul^ted ? _ ii» i 

surface, and this product again by the weight 
of a cubic foot of water. 

Fio 116 Suppose A C, Fig. 116, to represent the section of the 

Bide of a canal, or a vessel filled with water, and let the 
^^ whole depth, A C, be 10 feet: then at the middle point, 

B, the depth, A B, will be 5 feet Now the pressure at 
G is produced by a column of water whose depth is 10 
feet, but the pressure at B is produced by a column 
whose depth is 5 feet, which is the average between the 
pressure at the surface and at the bottom, or the average of the entire pressure 
upon the side. Hence the total pressure upon the side of a vessel containing 
water will be equal to the weight of a column of water whose base is equal to 
the area of that side, and whose height is equal to one half the depth of the 
liquid in the vessel, or, in other words, to the depth of the middle point of the 
side below the surface. 

T/^h Bh Id '^^ *^® pressure upon the sides of a reservoir containing wa- 
au embaMkment ter increases with the depth, the walls of embankments, dams, 
cr"t^thrbS'- ^°^H etc., are made broader or thicker at the bottom than 
torn than at the at the top (as in Fig. 114). For the same reason, in order to 
render a cistern equally strong throughout, more hoops should 
be placed near the bottom than at the top. 

If a surface equal to the side of a vessel containing liquid were laid upon 
the bottom, then the pressure upon the surface would be double the actual 
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pressnro on the side; for in this instance the sor&ce sostains the weight of a 
column equal in height to the whole depth, while the column of pressure upon 
the side is only equivalent to one half the depth. 

Hov does the 300. The actual pressure produced upon 
gwra^quantitj ^^6 bottoiu and sides of a vessel which con- 
Jlr^^JJith^ito tains a liquid,* is always greater than the 
weighty weight of the liquid. 

In a cubical vessel, for example, the pressure upon the bottom will be 
equal to the weight of the liquid, and the pressure on each of the four sides 
will be equal to one half the weiglit; consequently the whole pressure on the 
bottom and sides will be equal to three times the weight of the liquid. 
In what condi- 301. The surfacc of a liquid when at rest is 

tion is the sur- i -rr -r 

face of a liquid alwajs HORIZONTAL, or Level. 

The particles of a hqiud having perfect freedom of motion 
•nrXce of a*iu 2«nong themselves^ and all being equally attracted by gravita- 
quiil at rest tion, the whole body of liquid will tend to arrange itself in 
^ '• such a manner that all the parts of its surface shall bo equally 

distant Irom the earth's center, which is the center of attraction. 
Wh t i th '^ perfectly level sui-face really means one in which every 

true definiiijn part of the surface is equally near the center of the earth; it 
Burface?^"*'^ must be, therefore,, in fact, a spherical surface. But so largo 
is the sphere of which such a surface forms a part, that in 
resCTVou^ and receptacles of water of limited extent, its sphericity can not be 
cot^d, and it may be considered as a perfect plane and level; but whentho 
surface of water is of great extent, as in the case of the ocean, it exhibits this 
rounded form, conforming to the figure of the earth, most perfectly.* This 
sphericity of the sur&ce of the ocean is illustrated by the fact, that the masts 
of a ship appproaching us at sea, are visible long before the hull of tho 
Fig. 11*7. vessel can be seen. In Fig. 

117 only that part of tho 
ship above the line A C can 
be seen by the spectator at 
A, because the rest of tho 
vessel is hidden by the swell 
of the curve of tho surCico of tho ocean, or rather of the earth, D E. 
In whnt man- 802. Watci, OF othei llquids will always rise 
"rid ril2 *n^**"a to an exact level in any series of different 
orvSsef/^^ tubes, pipes, or other vessels communicating 

mnnicHting ,,-, -i .1 

With each other? With CaCh Other. 

• A hoop Borroundlng the earth would bend from a perfectly strRlpht Uieefpht inches 
In a mile. Conscqnendy, if a segment of the surface of the earth, a mile long were 
cut off. and laid on a perfect plane, the center of the segment wouW be only fonr inches 
higher than the edges. A small portion of it, therefore, for all ordii ary purposes, may 
be considered as a perfect plane. 
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On what prin- 
ciple are we 
enabled to con- 
vey water in 
aqnednctBorer 
uneven Bor- 
tacesf 




This fact is sufficioDtly Ulustraled 
bj reference to Fig. 118. 

303. It is upon 

the application of 

the principle that 

water in pipes will 

always rise to the 
height, orlerel of its source, that all 
arrangements for conveying water 
over uneven surfeces in aqueducts, or closed pipes depend. The water 
brought from any reservoir or source of supply, in or near a town or building, 
may be delivered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not being affected by the inequalities of the 
surface over which the water pipes may pass in their connection between tlie 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Fig. 119 represents the line of a modem aqueduct:— d a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, pas3ing over a bridge or viaduct at d^ and under a river at 
c The fountains at 5 b, show the stream rising to the level of its source in 
the pond a, at two points of very different elevation. 

Fig. 119. 




The ancients, in constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from a distant source to supply a city, it became 
necessary to cross a ravine or valley, immense bridges, or arches of masonry 
were built across it, with great labor and at enormous expense, in order that 
the water-flow might be continued nearly horizontally. At the present day, 
the same object is effected more perfectly by means of a simple iron pipe^ 
bendmg m conformity with the inequalities of surface over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level. A pipe with a- 
diameter of 4 inches, 150 feet below the level of a reservoir, should have suf- 



In what man- 
ner shonld 
pipes for the 
conveyance of 
water be con- 
structed ? 
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fident strength to bear with secorily a bursting pressore of nearly 5 tons for 
each foot of its length. 

Upon the principle that water tends to rise to the level of its source, orna- 
mental fountains m»y be constructed. Let water spout upward through a pipe 
communicating with ihe bottom of a deep vessel, and 
it will ris^ nearly to the height of the upper sur- 
face of the water in the vessel The resistance of 
tlie air, and the falling drops, prevent it fix>m rismg 
to the exact level Let A, Fig. 120, represent a 
cistern filled with water to a constant height, B. 
If four bent pipes ba inserted in the side of Ihe 
cistern at different distances below the surlace, the 
water will jet upward from all the orifices to nearly 
the same level 

The phenomena of Artesian Wells, and the plan 
of boring for water, depend on the same principle. 

304. An Artesian Well is a cylindrical 
excavation formed by boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

Wh does tb ^^^ reason that the water rises in Artesian, and sometimes 

water rise in in ordinary wells, to the surface, is as follows: The surfiice 
of the globe is formed of different layers, or strata; of different 
materials, such as sand, gravel, clay, stone, eta, placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are inclined, the different strata being like cups, or 
basins placed one within the other, as in Fig. 121. Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 



What Is an Ar- 
tesian WeU? 



an Arterian 
WeU? 



Fig. 121. 



readily ; while other strata^ 
like clay and rock, wiU not 
allow the water to pass 
through them. Jf\ now, 
we suppose a stratum like 
sand, pervious to water, to 
be included as at a a^ Yiq. 
121, between two other 
strata of clay or rock, the 
water fallmg upon the un- 
covered margm of the sandy stratum a Oj will be absorbed, and penetrate through 
its whole depth. It will be prevented from risin.c: to the surface by the im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it It will, therefore, accumulate as in a reservoir. I^ now, we 
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bore down tbrongh the upper stratam, as at &, tmtil we reach the stratmn 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accomulated in the reser- 
voir a a from which it tiows.* 

305. The rain which falls upon the sar&ce of the earth 
gin of springs y~ sinks downward through the sandy and porous soil, un- 
til a bed of clay or rock, through which the water can not 

penetrate, is reached. Here it accumulates, or running along the surface 
of the impervious stratum, bursts out ui some lower situation, or at some point 
where the impervious bed or stratum comes to the surfhce ia consequence of a 

valley, or some depression. 
^'^- ^22- Such a flow of water consti- 

tutes a spring. Suppose a^ 
Fig. 122, to be a gravel hill, 
and b a stratum of day or 
rock, impervious to vrater. 
Tlie fluid percolatmg through 
the gravel would reach the 
impervious stratum, along which it would run until it found an outlet at c, at 
the foot of the hill, where a spring would be formed. 

306. If there are no irregularities in the surfece, so situated 
^it Jfan^w' as to allow a spring to burst forth, or if a spruag issues out 
dinary weU? j^^ gome point of the porous earth considerably above the sur- 
fiice of the clay, or rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the panicles of soil, as it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug into such earth, reaching below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a well The reason why some wells are deeper 
than others, is, that the distance of the impervious stratum of clay below the 
surface is different in different localities. 

307. All wells and springs, therefore, are merely the rain- 
water which has sunk into the earth, appearing again, and 
gradually accumulating, or escaping at a lower level. 

308. The property of liquids to assume a horizontal sur- 
fece is practically taken advantage of in ascertaining whether 
a surface is perfectly horizontal, or level, and is accomplished 
by means of an instrument known as the " Water" or 

"Spirit Level." This consists of a small glass tube, 6 c. Fig. 123, filled 
with spirit, or water, except a small space occupied with au", and called 

• In the preat Arteriin well«i of Grenplle, near Paris, and of Kisringen, in Bavaria, the 
water ris- s ftom depths of 1,800 and 1,900 feet to a considerabls height above the snr^co 
of the earth. The well of Paris is capable of supplying water at the rate of 14 millions 
of gallons per day. The region of conntry in which this water fell, from the curvature 
of the layers, or strata of miterial through which the excavation was made, must have 
been distant two hundred miles or mora. 



From what 
Bonrce do all 
wells and 
springs d«rive 
their water ? 
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— I9q *^® air-bubble, a. In whaterer position the tuba 

maybe placed, the bubble of air will rest at the high- 
est point* If the two ends of the tube are level, or 
perfectly horizontal, the air-bubble will remain in 
the center of the tube ; but if the tube inclines ever 
80 little, the bubble rises to the higher end. For practical use the glass-tube 
is inclosed in a wood, or brass case, or box. 

309. The method of conducting a canal through a country, 
(dpie are eanais the surface of which IS not perfectly horizontal, or lerel, de- 
r^^at^d^^ *"* pends upon this same property of liquids. In order that boats 
may sail with ease in both directions of the canal, it is neces- 
sary that the suriace of the water should be level. If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banks, and leave the other end dry. But a canal rarely, 
if ever, passes through a section of country of any great extent, which is 
not inclined, or irregular in its sur&ce. By means, however, of expedients 
called Locks, a canal can be conducted along any declivity. In the forma- 
tion of a canal, its course is divided into a series of levels corresponding 
with the inequalities of the surfece of the country through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passing in any direction can be elevated, or lowered with ease, rapidity, 
and safety. 

Fia. 124. Fig. 124 represents a section of 

a lock, and Fig. 125 the constnic- 
tion of the Lock Gates. The sec- 
tion of Fig. 125 represents a place 
where there is a sudden &11 of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the course of the water, but at the same time admit of being opened and 
dosed. A H is the level of the water in that part of the canal lying 
above the gate A B, and B F and F G the levels below the gate A B. The 
part of the canal included between two gates, as E F, is called a lock, because 
when a vessel is let into it, it can be shut by closing both pair of gates. If 
now it is required to let a boat down from the higher level, A H, to the lower 
level, B G, the gates C D are closed tightly, and an opening made in the 
gates A B (shown in Fig. 125), which allows the water to flow graduafly from 
A H into the lock A E F C, unta it attains a common level, HAG. Tlie 
gate A B is then opened, and the boat floats into the lock A B C D. The 
gates A B are then closed, and an opening made in gates C D, which allows 
the water to flow from the space A E F G, unfd it comes to the common 
level, E F G. The gate C D is then opened, and the boat floats out of 
the locks into the continuation of the canal To enable a boat to pass from 
the lower level, E F G, to the superior level, A H, the prooea here described 
la reversed. 
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With what 310. When a solid is immersed in a liquid 

ia^iV*prSt '^^ will be pressed upward with a force equal 

od upward? ^Q ^Ijq weight of the liquid it displaces, 
now mnch 311. A solid immersed in water will displace 

SiTiramOTwd as much of the liquid as is equal in volume to 

In It displace? ^j^^ ^^^^ immcrsed\ 

What Is Buoy. 312. BuoYANCV is tho namo applied to tlio 
»"cy? force by which a solid immersed in a liquid is 
heaved, or pressed upward. 

Tha resistance offered when we attempt to sink a body lighter than water 
in that liquid, proves that the water presses with a force upward as well as 
downward. Upon this fact the laws of floating bodies depend ; and for this 
reason the bottoms of largo ships aro constructed with a great degreo of 
strength. 

313. A body floating upon a liquid is main- 

floattngaponi taiued in EQUiLiBRio by the operation of grav- 

tained In cqai- ity drawing thc mass downward, and by tho 

pressure of the particles of the liquid upon 

which it rests, pressing it upward. 

whatisesaen- 314. lu ordcr that a body may float with sta- 
buii^ofaflJSl l^il'ty> it is necessary that its center of gravity 
lag body? should be situated as low as possible. 
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' When Is a 
floating body 
in its most cita- 
fale position ? 



When wni a 
solid float, and 
when sink ? 



Fig. 12G. 



What la the Fop this reason, all vessels which are light in proportion to 

fcTveMeS?**** *^®^^ ^^^» require to be ballasted by depositing in the lowest 
portions of the yessel, immediately above the keel, a quantity 

of heavy matter, usually iron or stone. The center of gravity may thus bo 

brought so low that no force of the wind striking the vessel sideways can 

capsize it. By raising the center of gravity, as when men in a boat stand 

upright, the equihbrium is rendered unstable 

A body floating is most stable when it floats upon its great- 
est surface : thus a plank floats with the greatest stability 
when placed flat apon the water; ond its position is unstablo 
when it is made to float edgewise. 

A solid can never float that is heavier, bulk for bulk, than 
the liquid in which it is immersed. 
If the weight of a solid be exactly equal to the weight of 

an equal bulk of liquid, it will sink in it until it is entirely immersed ; but 

when once it is entirely immersed, then, the upward and downward pressure 

being cqiial, the solid will neither sink or rise, but will remain suspended 

at any dopth at which it may be placed. 

Let A B, Fig. 126, be a cube of wood floating in 

water; then the weight of the water displaced, or 

the weight of a volume of water equal to A B, is 

equal to the whole weight of the wood; since tho 

upward pressure on the bottom of A B is tho samo 

as that which would support a portion of water 

equal in bulk to tho displaced water, or to the cubo 

A B ; and as the downward pressure of the body 

13 equal to the upward pressure of tho liquid, it fol- 
lows tliat tho weight of tho cube is equal to tlio 

weight of the water displaced. Hence A B will 

neither smk or rise. 

A mass of stone, or any other heavy substance 

beneath the surfaca of water is more easily moved 

than upon the land because, when immersed in the 

water, it is lighter by the weight of its own bulk of 

water than it would be on land. A boy will often wonder why ho can lift a 

stone of a certain weight to tho surface of water, but can carry it no forther. 

The least force will lifl; a bucket immersed in water to the surfeco ; but if it 

be lifted farther, its weight is fjlt just in proportion to tho part of it which is 

above tho surface. 

The weight of the human body does not differ much from the weight of it3 

own bulk of water; consequently, when bathers walk in water chin-deep, 

their feet scarcely press upon the bottom, and they have not suflBcient hold 

upon the pjound to give them stability; a current, therefore, will easily take 

them off their feet 

Tho facility with which different persons are able to float or swim, depends 

upon the physical constitution of the body. Corpulent people are lighter, 
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bulk for bulk, thaii those of $pSret iiabits: and an fat possesses a less specMc 
gravity than water, a fat person will swim or float easier than a thin one. 

315. Il is not, however, necessaiy, in order that a body should float upon a 
liquid, that the materials of which it is composed should be spedflcally lighter 
than the Uquid. If the entire mass of a solid is lighter than an equal volume 
of the liquid, it will float. 

A thick piece of iron, weighing half an ounce, loses in water nearly one 
eighth of its weight ; but if it is hammered into a plate or vessel, of such a 
form that it occupies eight times as much space as before, it will then weigh 
less than an equal bulk of water, and will consequently float, sinking just to 
the brim. If made twice as large, it will displace one ounce of water, conse- 
quently, twica its own weight; it will then sink to the middle,, and can be 
loaded with half an ounce weight before sinking entirely. 
How can a 316. A bodj composed of any material, how- 
toan an^^rf Gvcr hcavy, caii be made to float on any liquid, 
b?^midr**to however light, by giving it such a shape as 
*°*'' will render its bulk or volume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is frequently used for lifting or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raising sunken vessels. These boxes are sunk, filled with water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greatsr than the gravity or weight of the entire mass, the whole 
will rise and float. 

To what is the 817. The buoyancy of liquids is in propor- 
u5uid?pfopor^ tio^ to their density or specific gravity, or, in 
tionai? other words, a solid is buoyant in a liquid^ in 

proportion as it is light, and the liquid heavy. 

Thus quicksilver, the heaviest, or most dens3 fluid known, supports iron 
upon its surface; and a man might float upon mercury as easily as a cork 
floats upon water. Many varieties of wood which will smk in oil, float 
readily upon water. 

318. The principle that the buoyancy of liquids varies in proportion as their 
specific gravity varies, furnishes a very ready method of determining the spe- 
cific gravity of a liquid. This is done by means of an instrament called the 
hydrometer. 
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drometer? 
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be determined 
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319. The Hydrometer con- Fiu 12T. 

Bists of a hollow glass tube, 
on the lower part of which a spherical 
bulb is blown, the latter being filled with 
a suitable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a vertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 
It is obvious that the hydrometer 

will sink to a greater or less depth in 

dififerent hquids ; deeper in the lighter 

ones, or those of small specific gravity, : 

and not so deep in those which are 
denser, or which have great specific gravity. The 
specific gravity of a hquid may, therefore, be estimated by the number of di- 
visions on the scale which remain above the surface of the liquid. Tobies 
are constructed, so that, by their aid, when the number on the scale at which 
the hydrometer floats in a given liquid is determined by experiment, the spe- 
cific gravity is expressed by figur&a in a column directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determin- 
ing the density, or specific gravity, of spirits, oils, syrups, lye, etc. It afibrds 
a ready method of determinii;g the purity of a liquid, as, for instance, alco- 
hol The addition of water to alcohol adds to its density, and therefore in- 
creases its buoyancy. The addition of water, therefore, will at once be shown 
by the less depth to which the hydrometer will sink in the liquid. The 
adulteration of sperm oil with whale, or other cheaper oils, may be shown in 
the same manner. 

320. For the reason that the buoyancy of a liquid is proportioned to its 
density, a ship will draw less water, or sail lighter by one thirty-fifth in the 
heavy salt water of the ocean, than in the fi^sh water of a river; for the 
same reason it is easier to swim m salt than in fresh water.* 

• "A floating bod? sitks to the same depth whether the mass of liquid supporting it 
be great or small, as is seen when an earthen cup is placed first in a pond, and then in a 
second cup only so much hirger than itself, that a very small quantity of water will suffice 
to fill up the interval between thftm- • An ounce of water in this way may be made to float 
■ubstanccs of much greater weitfht. And if a large ship were received into a dock, or 
case, 80 exactly filling it that there were only half an inch of interval between it and the 
wall, or side of the containing "ipace, it would float as completely when the few hogsheads 
of water required to fill this littte interval up to its usual water-mark were poured in, as 
If it were on the hiffh seas. In some canal locks, the boats just fit the place in which they 
have to rise and faU, and thus diminish the quantity of water necessary to supply th« 
lock.** — AmoU. 
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CAPILLARY ATTRACTION. 

321. If we plunge the hand into a vessel of water, and 
withdraw it, it is said to be wet ; that is, it is covered with a 
thin film, or coating of water, which adheres to it, in opposi- 
tion to tho tendency of tho attraction of gravitation to make 
it fill oft There is, therefore, an attraction between the par- 
ticles of the water and the hand, which, to a certain extent^ 

L stronger than the influence of gravitation. 

If now wo plunge tho hand into a vessel of quicksilver, no adhesion of the 
particles of tho mercury to tho hand will take place, and the hand, when 
withdrawn, will be perfoctly dry. 

If we plunge a plate of gold, however, into water and quicksilver, it will 
te wet equally by both, and will como out of the quicksilver covered with a 
Wliite coating of that liquid. 

It id, therefore, obvious that a certain molecular attraction exists between 
certain liquids and certain solids, which docs not prevail to the same extent 
between others. 

322. That variety of molecular force which 
m?iiiifc3t8 itself] ict ween the surfaces of solids 
and liquids 18 called Capillary Attraction. 

This name oiigiuatcs from the drcumstance, that this class 
of phenomena was first observed in small glass tubes, the 
bore of which was not thicker than a hair, and which were 

hence called CapiUary Tubes^ from tho Latin word capilhis, which signifies a hair. 

„ ^ 323. If wo take a series of glass tut)es of very fino bore, 

IIow may Ca- " •' ' 

piiiary Attrac- but of different diameters, and place them in a vessel of water, 
trated ? ^"*' "^^"ch has been colored in order to show the effect moro strik- 
ingly, we shall S3e that tho water will rise in tlio tubes to 
various heights, attaining the greatest degree of elevation in tho smallest tube. 
Fig. 128. The height at which the same liquid wiU rise in 

any given tube is always uniform, but it varies fi>r 
different liquids. 

Fig. 128 is an enlarged representation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibiting capillary at« 
traction is to immerse the end of a piece of ther. 
mometer tube in water (see Fig. 129) which has 
been tinted with ink. The liquid will be seen to 
ascend, and will remain elevated in the tube at a 
considerable height above the surface of the liquid 
in the vessel. 
The orduaary definition of capillary attraction is, that form of attraction which 
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Fig. 130. 






causes liquids to ascend above their level in capillary tubes. Fio. 129. 
It, however, is not strictly correct, as this force not only acts 
in elevating but in depressing liquids in tubes, and is at 
work wherever liquids are in connection with solid bodies. 

324. ir a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
fts to be wetted by it, the liquid will be elevated 
above the general level of its surface at the 
pomts where it touches the sides of the ves- 
sel This is shown in Fig. 130. 

If, however, the liquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, as in the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its surface at Iho 
points where it comes in con- j, _ 

tact with the sides of the ves- 
sel. This is shown in Fig. 131. 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their feces ver- 
tical and parallel, and at a cer- 
tain distance asunder, the water will rise at the points m and ti, where it is in 

contact with the glass; but at 
all intermediate points, beyond 
a small distance from the plates, 
the general level of the surfaces 
E, C, and D, will conespond. 

If the two pktes, A and B, 
are brought near to ^each other, 

as in Fig. 133, the two curves, 

— . m and ti, will unite, so as to form 

a concave surface, and the water 
at the same time between them will be raised above the general level, E and 
D, of the water in the vessel. If the plates 
be brought still nearer together, as in Fig. 134, 
t!ie water between them will rise still higher, 
I le force which sustams the column being in- 
creased as the distance between the plates is 
diminished 

326. The height to 

which water will rise in ^ 

capillary tubes is in proportion to the small- 
ness of their diameters. 
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Fig. 135. 



Th'is in two tabes, one of which is double 
the diameter of tho other, the fluid will rise 
to twice the height in the small tube that 
it will in the larger. The truth of this 
principle can be made evident by the fol- 
lowing beautiful and simple experiment. 
Two square pieces of plate-glass, C and I^ 
Fig. 135, are arranged so that their sur- 
faces form a minute angle at A. This po- 
sition may be easily given them by iastct;- 

Inj with wax or cement. When the ends of 

the plates are placed in the water, as shown in 

the figure, the water rises in the space between 

thorn, formii]^g IhQ curve^ which is called an 

liyporbola. The elevation of the water between 

Iho two sui&ces will be the greatest at the 

points where the distance between the plates is 

the least 

327. The figure of the surface which bounds 

a liquid in a capillary tube will depend upon 

the extewoi" the attraction wliich exists between 

the particles of the liquid and the surface of 

tho tuba Tlius, a colunm of water contamed in a glass capillary tube will 
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have a concave form of surface, as in Fig. 136, since the 
attraction of glass for water exceeds the attraction of the 
])articles of water for each other; a surface of mercury, on 
the contrsffy, in a similar tube, will be convex, see Fig. 
137, since the attraction of glass for mercury is less than 
tho mutual attraction of the particles of mercuiy, 

328. In a capillary tube a 

liquid will ascend above its 

general level, when it wets the 

tube ; and is depressed below its level when 
it does not wet it. 

How ma a ^^^* ^^^^^ surface of a body repels a liquid, such a body, 
neeiie be made though heavier, bulk for .bulk, than the hquid, may, under 
water r "^**^ ^™® circumstances, float upon it ; and so present an appareni 

exception to the general hydrostatic law by which sohda 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
pb of this may be shown by slightly greasing a fine sewing-needle, and then 
placing it carefully in the direction of its length upon the surface of water. 
The needle, althougii heavier, bulk for bulk, than water, will float 

The power of certain insects to walk upon the surface of water without 
sinkinjr, has been explained upon the same principle. The feet of these in- 
eects, like the greased needle, have a capillary repulsion for tho water, and 
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when they apply tbem. to the soiCwe of water, isstead of ankii^ m it, ikef 
produce depressioiis upon it. 

For a like reason, water win not flow thnxigh a fioe sere, the wires of 
which have been greased. 

330. A liquid wQl not wet a solid when the 
force of adhesion develi»ped between the par- 
ticles of the liquid and the sorface of the solid, 

is less than half the cohesiTC force which exists between 
the particles of the liquid. 

331. The&ctoftiieetroDgadheaQii FlQw 13S. 

whidi exists b^ween water and the 

fibers of a rope, has been taken ad- 
vantage of in the constniction of a kiad cf pomp, called 
the ** Rope," or *' VetaV Pomp, Rg. 138. It con- 
sists of a cord pasang over two wheels, a and b, the 
lower one of which is immersed in water. A rapid 
motion is g^ven to the wheels by means of the crank 
df and the water, by adhering, follows the rope in its 
movements, and is disduuged intoareceptade above. 

Illnstratioiffl ot capSDary attraction 

are most fm^^ ?!'?»• in the expoienoe of 

every-day life. The wick of a lamp, 

or candle, lifts the oil, or melted grease 
which sn^^lies the flame, from a Eorface often two or 
three inches below the point of combustion. In a 
cotton-wide, which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oQ ascends. The oil, however, can not be lifted freely beyond a 
certain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed in a baan of 
water, and the remainder allowed to hang over the edge of the basin, the 
water will rise through the pores and mterstices of the doth, and gradually 
wet the whole toweL In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
hi contact with it, it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet. 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its porea, 
and expands or swells in consequence. This fact has been taken advantage 
of for splitting stones; wedges of dry wood are driven into grooves cut in thd 
stone, and on being moistened, swell with such irresistible force as to split 
the blodc in a direction regulated by the groove. 

1 
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An immenae weight suspended by a dry rope, may be raised a little way, 
by merely wetting the rope; the moisture imbibed by capillary attraction mto 
the substance of the rope causes it to swell laterally and become shorter. 

Capillary attraction is also instrumental in supplyiug trees and plants with 
moisture through the agency of the roots and underground fibers. 

What are the ^^^' ^^^ teHDs ExosMOSE and Endosmose 
fexMSSS*an*d are applied to those currents in -contrary direc- 
Endoemoce? ^j^j^g ^hich are established between two liquids 
of a different nature, when they are separated from each 
other by a partition composed of a membrane, or any porous 
substance. 

The name Endosmose^ derived from a 
Greek word, signifies going in, and is ap- 
plied to the stronger current; while the 
name Exosmose, signifying gomg out, is 
applied to the weaker current 

The phenomena of Endosmose and Eb> 
osmose, which are undoubtedly dependent 
on capillary attraction, may be illustrated 
by the following simple experiment : — ^If 
we take a small bladder, or any other mem- 
branous substance, and having fastened it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, fill the bladder with 
alcohol, and immerse it, connected with 
the tube, in a basin of water, to such an 
extent that the top of the bladder filled 
with alcohol corresponds with the level 
of the water in the vessel, in a short 
time it will be observed, that the liquid 
is rising in the tube connected with 
the bladder, and will ultimately reach the 
top and flow over. This rising of the al- 
cohol m the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of force^ producing the phenomena 
which we call endosmose, *^ going in;" the effect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity oT 
the alcohol has passed out through the pores of the bladder, and mixed with the 
water in the external vesseL This outward passage of the alcohol we call 
exosmose, "going out" A less quantity of the alcohol will pass out of tho 
bladder in a given time to mingle with the water, than of the water will pass 
In, and consequently the bladder containing the alcohol having more liquid 
in it than at &st, becomes strained, and presses the liquid up in the tuba 
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If we have a box divided by a |Mititiun cf panias cii^, or mj otficr ^b- 
stance of like nature^ and j^aoe a qoantitj of qrnip on aneade^ aitd vaan-oQ 
the other, or any other two liqaida of diflereiit dRimit i ra wliicfa fie^ nix vith 
one another, conents will be estafafisfaed U s t wi aai tlie two in mn ii w i ft diree> 
tions through the poroos partilioo, mtil both aie ilMB iw ^gl i ly Mnglpd with 
each other. 

- 333. If a liquid is placed in contact with a tmbce cf 
the body, divested of its epidannis, or outer skin, en in 
contact with, a mncoos membrane, the Uqnid will be ab- 
sorbed into the vessels of the body thzongh the fiwoe of 

endosmose. 

PRACTICAL QUESnOKS AND PBOBLKHS IS HTDBOSTATICSL 




2. Wbj can a stone vUdi, on lad, reqafto fte ^ Utmt,fk «r twm mtem to fift &» to 
Bfled mid carried in water bj «M Mnf 

Beeanae the water holds op tiie slooe witii a ftrae eqaal to the migfit of 
the Yoltime of water it di^lacea 

3. Why does cream rise upon mllkf 

Because it is composed ofpartidea of oil^, or £atf matto^ iriuch are iigbter 
than the watery partides of the milk. 

4. How are fishes aUe to aeeend and deaeendqnfdclijr in water r 

They are capable of olianging their bulk by tiie Tolantary disteosioii, or 
contractioa of a membraneooa bag, or air Madder, induded in their oiganiza- 
tioa; when this bladder is distended, the fifli iocreaaes m size, and being of 
less specific gravity, i.e^ lighter, it nses with fiuality; when the bladd^is 
contracted, the size of the fish diminishet^ and its tendency to sink is increased. 

6, Why does the body of a drowned persoo genenJIy rise and float iqion the sni&ee 
■everal days after death ? 

Becaose, from the accomnlation of gas within the body (caused by indpient 
potreiactionX the body beeomes qwdflc&lly lighter than water, and rises and 
floats upon the sur&ce. 

6. How are life-boats prerentedftomsiiikiDg? 

They contain in their sides air-tight cells, or boxes, filled with air, which hy 
their buoyancy prevent the boat from sinking, even when it is filled with water. 

7 Why does hlotdng.paper absorb Ink? 

The ink la drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why win not writing, or sised paper, absorb ink f 

Because the sizing, bemg a spedes of glue into which. writing papers are 
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dipped, fills up the little interetlcea, or spaces, between the fib^s^ and in this 
way pruFeuts all capillary attraction. 

9. Why is vegetalion on the margia of a stream of water mora lazorlaiit than tn an 
open field f 

Becaoao the poroos earth on the bank draws up water to the roots of the 
plants by capillary attraction. 

10. Why do persons vho water plants in pots fireqnenfly ponr the water into the san* 
oar la whic^ Uie pot rests, and not orer the plants f 

Because the water in the saucer is drawn up by capillary attraction through 
tjie little interstices of the mold with which the pot Is filled, and is thus pre- 
sented to the roots <^ the pla^t 

IL Why does dry wood, immersed hi water, swell ? 

Because the water enters the pores of wood by capillary attraction, and 
forces the particles further apart fitmi each other. 

12. Why will water, ink, or oil, coming in contact with the edge of a book, soak fur- 
ther in than if spilled npon the sides? 

Because the space between the leayes.act8 in tiie same manner as a small 
capillary tube would — attracts the fluid, and causes it to penetrate &r inwaidr 
The fluid penetrates with more difficulty upon the side of the lesS, because 
the pores in the paper are irreg^ular, and not cotitinuocui fiK»n leaf to lea£ 

13. In a hydrostatic press, Ae area of fhe'base of the piston in the force>pnmp Is one 
sqnare inch, and the area of the base of the piston in the large eyUnderis foorteen sqoara 
inches ; what will be the force exerted, suppoising a power of eight hundred pounds ap- 
plied to the piston of the force-pump? 

14. A flood-gate Is five feet In breadth, and sixteen feet In depth: what will be ttw 
pressure of water upon it in pounds f 

15. What pressure will a ressel, halving a snp^did area of three feet, snalain when 
lowered into the sea to the depth of ilv« hnndi?ed feet t 

10 What pressare is exerted npon the body of a diver at the depth of sixly feet, sap- 
posing the superficial area of his body to be two and a half square yards ? 

- 17. What win be the pressure npon a dam, the area of the side of which is one hun- 
dred and fifty saperfidal feet, and the height of the side fifteen feet, the water rising eren 
with the top? 



CHAPTER IX- 

HYDRAULICS. 



What is the 

science 

draulics 



384. Hydbaulios is that department of 

of Hy. physical science which treats of the laws and 
I? s ni 

phenomena of liquids in motion.* 

Hydraulics considers the flow of liquids in pipes, through orifices in the 
sides of reservoirs^ in rivers, canals^ etc., and the construction and operation 
of all machines and engmes which are concerned in the motion of liquids. 
* From vJcu/) (hndor), teatef, and avAtff (anloo), ayipt. 
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rponvbatdoes 835. When an opening is made in a reser- 
SJrt^^'Sd ^^^^ containing a liquid, it will jet ont with a 
depend? vclocity proportioned to the depth of the aper- 

ture below the suiiace. 

FiQ. 140. Soppoan^ the onAce of wter in a Teasd, D, Fig: 

140, to be keivt at a eoDslnit hdgfat bj ths water 
flowing into it, and tiiat the water flows out tiirongli 
openings in the side of predady the same aiae; then 
a qoart measure wooU be fined fiom the jet issuing from 
B as soon as a pint measDrefioni the upper opening; A. 
As the flow of liqoids is in QODseqnence of the at- 
traction of gravity; and as the pressure of a liquid is 
eqoal in all directionfl^ we have the fiillowing prind- 
pte established: — 

whatistheTe. ^^^' ^'^^ vclocity which the particles of a 
IridSli^fi^ liquid acquire when issuing from an orifice, 
* iSTto?***' whether sideways, upward, or downward, is 
equal to that which they would have acquired 
in falling perpendicularly through a space equal to the 
depth of the aperture below the surface of the liquid. 

Thos, if an aperture be made in the bottom, or side; of a vessel containing 
water, 16 feet below the sur&ce^ the velocity with which the water will jet 
oat will be 32 feet per second, tat this is the velocity which a body acquires 
in &lling throogh a epacQ of 16 feet 

As the velocity acquired by a &Iling body is as the square root of the space 
through which it falls, the velocity with which water will issue fiom an aper- 
ture may be calculated by the ftdlowing rule: — 

How may tiie 337. The vclocity with which water spouts 
S*2w'^flo^ig ^^^ ^^™ ^°y aperture in a vessel is as the 
tXiS ^I square root of the depth of the aperture below 
*»*ed' the surface of the water. 

The water must, therefore, flow with ten times greater velocity from an 
opening 100 inches below the level of the liquid, than fh>m a depth of only 
one inch below the same level 

338. The theoretical law for determining the quantity of 
water discharged from an orifice is as follows: — 

The quantity of water discharged from an ori- 
fice in each second may be calculated by multi- 
plying the velocity by the area of the aperture. 

The above rules for calculating the velocity and quantity of water flowing 
fix>m orifices, are not found strictly to hold good in practice. The friction 
of water against the sides of vessels, pipes, and apertures, and the formation 
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of what is aJled the " oontncted reiii," tend yeiy mudi to diminish the mor 
tion and diadiaige of water. p^ ^ .. 

Wh»t Is fho When water flows through a ciroolar aperture 
**e^n'rmeted in a Teflael, the diameter of the issuing stream 

Z^SJ * *^Il is contracted, and attains its smallest dimensions 
reafcoiwaterr ,. - « , , ,. 

at a distance ftom the orifice equal to the diam- 
eter of the orifice itselC The section of the jet at tlits point, Fg. 
141, 9 a^, will be about two thirds of the magnitude of the oi ifioe. 
This point of greatest contraction is called the vena conk-ackt, or wtdracted vetn. 
What ts tlie ^'^^ phenomenon arises from the circumstance that a liquid 
emaie of ihis contained in a Yef>9el rushes trom all sides toward an orifice, 
phenomenon f go as to form a system of converging currents. These issuing 
out in oblique directions, cause the shape of the stream to change from the 
cylindrical form, and contract it in the manner described. 
How m«T the ^^ ^^® attachment of snitable tubes to the aperture, the 
effect of the effect of the contracted vein may be avoided, and the quan- 
▼e^n'be'aToid- ^^7 ^ flowing water be very greatly increased. A short pipe 
«<l? will discharge one half more water in the same time, than 

a simple orifice of the same dimensions. The tube, however, must be 
FiO. 142. entirely without the vessel, 

as at B, Fig. 142, for if co' - 
tinned inside, as at A, the 
quantity of liquid discharged 
will be diminished instead 
<^ augmented. 

The rapidity of the discharge of the water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at C, Fig. 142, than 
through a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, will discharge only 
one fourth as much water as a tube of the same dimensions an inch in 
length ; hence, in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engineer takes into account the fiiction, and the 
turnings of the pipes, and makes large allowances for these circumstance& 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
three inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in diameter, one hun- 
dred feet long, will dischaiige about five times as much water as one of one 
inch in diameter of the same length, and under the same pressure. This di& 
ference is accounted for, by supposing that both tubes retard the motion of 
the fluid, by friction, at equal distances firom tlieir inner surfaces, and conse- 
quently, the effect of this cause is much greater in proportion, m the small 
tube, than in the large one. 
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What wffl be 
the difference 
in the flow of 
a liqoid when 
tiie Teasel is 
kept fuU and 
when it is al- 
lowed to 
t]r itself? 

What is the 
principle and 
eonsirucaon 
of the water- 
dock r 



Fio.li3. 

A 



As the Telodly with wbidi a stresm issneB depends upon tto beii^t of thtt 
column of fluid, it follows that when a liqaid flows from a reserroir wfaidi is 
not replenished, but tiie level of which oonsluitif descends, its Tdodtj wiU 
be nnifonnly retarded. The foDowing principle has been esUbBshed:— 

339. If a vessel be filled with a liquid and 
allowed to discharge itself^ the quantity issu- 
ing from an orifice in a given time, will be 
just one half what would be discharged from 
the same orifice in the same time, if the vessel 
was kept constantly fuIL 

340. Before the invoition of docks and 
watches, the flow of water through small ori- 
fices was appUed by the ancients for the meas- 
urement of time, and an arrangement for this 

purpose was called a Clepsydra, or water-dock. One form of 
tliis instrument consisted of a cylindrical vesad filled with 
water, and furnished with an orifice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water in the vessel would sink in this time be divided into 
144 parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, according to a series of odd 
numbers : this diminishing rate depending on the constantly 
decreasing height and pressure of the column above the point 
of discharge. The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, marks the time. Fig. 143 represents the 
form of the water dock. 

341. The force of currents, whe- ' 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 

in contact. 

This explains a fact which may be observed in all rivers: 
that the velocity of a stream is always greater at the center 
than near the bank, and the velocity at the surfiwe is greater 
than the velocity at the bottom. 

842. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin- 
ish as the area of the section increases. 
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This fact is familiar to every one who observes the course of bxxx>ks or 
rivers: wnerever the bed contracts, the current becomes rapid, and on tho 
contraiy if it widens, the stream becomes more sluggish. 

343. A very slight dechvity is sufficient to give motion to 
ti^^*i8™Miffi- running water. Three inches to a mile in a smooth, straight 
cient to giVe channel, gives a velocity of about three miles per hour. 
i^T^i^r^' '^^ ^^^^ Ganges, at a distance of 1,800 mttes from its 
mouth, is only 800 feet above the level of the sea. Tlio 
everage rate of inclinati<m of the sur&ce of the Mississippi is 1.80 for tho first 
hondred miles from the Gulf of Mexico, 2 inches for the second hundred, 2.30 
for the third, and only 2.57 for the fourth. 

-^ . ., Tho velocity of rivers is extremely yariable ; the slower class 

average veioci- moving from two to three miles per hour, or three or four feet 
ty of rireri f p^j. ggcond, and the more rapid as much as six feet per second. 
The mean velocity of the Mississippi, near its mouth, is 2.26 mUcs per hour, 
or 2.93 feet per second.* 

The quantity of water which passes over the beds of rivers in a given time 
is very various. In the smaller class of streams it amounts to from 300 to 
350 cubic feet per second. In tho smaller class of navigable rivers, it amounts 
to from 1,000 to 1,^200 cubic feet; and in the larger dass to 14,000 cubic feet 
and upward. It is estimated that the Mississippi discharges 12 billioDS of 
cubic feet of water per minute.f 

* In the oonstmction of water-ehannds for drainage, the regnlatioii of inclinatioTi necefl- 
Baiy to produce free flowage of the water, is a matter of great importance. This inclioation 
raries greatly with the size of the stream of water to be conducted o£ Large and deep 
rlTers run sufflclently swift with a fUl of a few inches x>er mile ; smaller rlTers and brooks 
require a fall of two feet per mile, or 1 foot in ?,600. Small brooks hardly keep an open 
course under 4 feet per mile, or 1 ia 1,200; while ditches and covered drains require at 
least 8 feet per niUe, or 1 in 6U0. Furrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relatiTc to the coarse and flow of rirers, may, perhaps, 
be appropriately considered in this connection. The question is as follows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow up hill m* 
down hill i The Mississippi runs from north to south. If its source were at the pole and 
its month at the equator, the elevation of the mouth would be thirteen miles higher than 
its source, as this is the di£ference between the eqnatoxial and the polar radii of the 
earth. On this principle, the mouth of the Mississippi is two and a half miles more ele- 
vated than. its source. Does it ran up hill, and if so, how has its course and motion 
originated? The problem, although apparently one of difficulty, admits of an easy 
solution. 

The centiifngal force, caused by the rotation of the earth, has changed the form of our 
planet from that of a perfect sphe^ to that of an ellipsoid, or a sphere flattened at the 
poiRS, in which the length of the largest radius, exceeds the shorter by thirteen mfles, the 
present fomi being the figure of equilibrium nnder the present conditions. The cohesioa 
of the solid particles of the earth has resisted, and does resist, to a limited extent, 
the influence of the centrifugal force which has changed the original figure ; but the par- 
ticles of liquid on the earth*8 surface, being perfectly free to move, yield to the influence, 
and are at rest oi.ly so long an the ondition of equilibrium is undisturbed, and always 
move in such a way as to restore it when it is disturbed. Water, consequently, alwaya 
flows from places which are above the figure of equilibrium, to those which are below It. 
Mow the mouth of the Mississippi is two and a half miles more distant from the oenter of 
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n«wmnwm»m ^^ Wlffin ose porticni of a JUpni is dis- 
^^gg^ ^Slt toibeJ, the distmiiaDoe (a eaB9eqp<aice cS the 
^' fieedom vitb wluch ihe psrD:^ cf a Ijq-oil 

move upoQ each otker) k oogBoniiDcsced to slQ ibe other 
portions, and a wave is IbnnedL This w:iTe propagates 
itself into the nnmov^ spaces adjoining. cantiDitalJT en- 
larging as it goes, and fcoinlng a series of undnlsrion^ 
,,^^ . ^ S15. OrdinaiT fca miTes aie canard bj ilie 

origin «f fc» i¥ind presaog nneqaaUT upon tbe saAax of 
tbe water, depiesang one pail more than an- 
other : evezy depression causes a ccKresponding deration. 
Where fte vatter is cf flOBIcisBt d^Aii, wvcn bnv cnSfs 



wm99 mtbtaOy booy, ftMiiiig €■ a '«a[v«, b sereif cSevacted end dcpRsed 

ttSSi^ J" «toMtefy; it dDS not dibawis cioi^ its piaoe. Tbm 

a jui q it a dw a u ceof «sv<es m deep ^iratEr is an omlar dceqK 

tioa: the same as when a o udLmew is tomBd nnsd, the daead, or ^ara^ 

appears to move iMwiaid, 

344iu A vave is a fbnn, not a limig; flg fatm adtanubs , Ijot 

■iv^** te^ not the wnhrtawre of the waiv. Ula, bovero; a lock laes 

apin^ the to the soifroe, or the dure hw ds ^bdloiriMa prefcnts or ie> 
■bore? ' - "^ 

tuds the owrfllalinns of the vatcf^ the vares fonmiig in &scp 

water are not haUmred bj the shorter ondidatioas in dwal water, and they 

oonaeqiieDtlj more fiirvanl and finn fanakers. Thas it is that waTes always 

break against the shore, no matter in ¥rhat dire ction Hie wind bknipa. 

When the shore nms oat verf shaDow fir a great extent, the breakers are 
distingmshed by tha name of aai£ 

On the AUantic, during a storm, iSbe waves hare been ohaer v ed to rise to 
a height of aboat forty-time feet above the hc^w ocaqiied by aship ; the 
total distance between the crests of two large waves being S59 feet, which 
difrtanoft was passed by the vnive in about seventeen seconds oftimeL 

the earth cCe., the eenter of figure) tfaan the niinelc. Batif it had not beenlto tha 
reafaraining influenoe of the eohesive ibree pfreraCiiig among the aolid paitidea, It would 
hare been, tiiroagfa the acdon of the eentriftigal foree, three mfles hlgfaw, iMtaad of two 
and a ha]£ It ia therefore hdow the sni&ee of eqiniBbriiiiii, and the valor flows Mmth 
to fin np the proper lerd. 

The question as to whether the river flows np, or down, depends on the meanfaig we 
attach to the words used. If by rowir we mean toward the earth's center of figure, or 
toward that part of the earth's surface where the attraction of gravily is the greatest, as 
at the poles, then tiie Mississippi runs np hUl. If; on the contrary, down means below 
the snrfaee of equiBbrinm, and up means above tiie snrfiMe of equilibrium, then the Mis* 
sisalpi flows downward. If the earth were a perfect sphere, and without rotation, the 
rirer would flow northward. A more complete explanation of this 6ul\)ecc will be found 
in a paper read before the American Academy by Prof, liovering in 1856, and in the 
•* Aminai of SeUatlfie msooveiy*' for 1857, pp. 1T9-.181 

7* 
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Hoir dcet fhe 347. The resiBtatice which a liquid opposes 
SSwS^Jrfid to a solid body moving through it, varies with 
»oTinguin,ngh the foim of the body. 

The resUtanoe which a plane sdi&co meets with while it 
moTes in a liqmd, in a direction perpendicular to its plane, is in general, pro- 
portioned to the square of its velocity. 

Wh*t advtti- If the surlaoe of a solid moved against a liquid be presented 
tagehtfan ob- obliquely with respect to the direction of its motion, instead 
to "*m<l!rtl^ of perpendicularly, tile resistance will be modified and dimin- 
apiuBt a uq- ished ; the quantity of liquid displaced will be less, and the 
*"^' sur&ce, acting as a wedge, or inclined plane, will possess a 

mechanical advantage, smce in displacing the liquid it pushes it aside, instead 
of driving it forward. 

The determination of the particular form whidi should be given to a mass 
of matter in order that it may move through a liquid with the least resistance, 
is a problem of great oomplezity and celebrity in the history of mathematics^ 
inasmuch as it is connected with nearly all improvements in navigation and 
naval architecture. The principles involved in this problem require that the 
length of a vessel should coincide with the direction of the motion imparted 
to it ; and they also determine the shape of fhe prow and of the sur£ices be- 
neath the water. Boats which navigate still waters, and are not intended to 
carry a great amount of freight, are so constructed that the part of the bot- 
tom immersed moves against the liquid at a very oblique angle. 

Vessels built for speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite caiga 

The form and structure of the bodies of fishes in general, are such as to en- 
able them to move through the water with the least resistance. 
_. .. 348. In the paddles of steamboats, that one is only com- 

paddles of a pletely effectual in propelling the vessel which is vertical in 
gunboat moat ^^le water, because upon that one alone does the resistance 
of the water act at right angles, or to the best advantage. 
In the propulsion of steamboats, it is found that paddle-wheels of a given 
diameter act with the greatest effect when their immersion does not exceed 
the width, or depth, of the lowest paddle-board ; their effect also increases 
with the diameter of the wheeL 

• .^ ,« The amount of power lost by the use of the paddle-wheel 

Is the paddle- - „. i • x • • jj- 

vheei an ad- as a means of propelhng vessels is very great, since, m addi- 

mShSd^of'ap- **^^ ^ *^® ^®^ *^* ®^^ ^® paddle which is vertical in the 
plying power water is fully effective, the series of paddles in descending 
TMsdsT*"*"^ ^^ *^® water, are obliged to exert a downward pressure, 
which is not available for propulsion, and in ascending, to lift 
a considerable weight of water that opposes the ascent, and adheres to the 
paddles. The rolling of the vessel, also, renders it impossible to maintain the 
paddles at the requisite degree of immersion necessary to give them their 
greatest efficiency ; one wheel on one side being occasionally immersed too 
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deeply, while the other wheel, on the other side may be lifted entirely out of 

water. 

349. To remedy in some degree these causes of inefficiency 
and waste, the submerged propelling^wheel, known as the 
screw-propeUer, has been introduoed within the last few years. 
The screw-propeller consists of a wheel resembUng in its form 
the threads of a screw, and rotating on an axle. It is placed 

in the stem of the vessel, below the water-line, immediately in front of the 

rudder. Fig. 144 represents one form of the screw-propeller, and its location 

in reference to the other parts of the yesseL 



Describe the 
constructioa 
and action of 
the Kreir-pro- 
peller. 



FlO. 144 




The manner in which the screw-propeller acts in impelling the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it, and the space through which it would move in each revolution would 
be equal to the distance between two contiguous threads of the screw. In 
fact, the water would act as a fixed nut, in which the screw would turn. 
But the water, although not fixed in its position as a solid nut, yet ofiers a 
considerable resistance to the motion of the screw-wheel ; and as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or forward. 

The great advantage of the screw-propeller is, that its ac- 
tion on the water will be the same, no matter to what degree 
it may be immersed in it, or how the position of the vessel 
on the surface of the water may be changed. 

350. The application of the force of water m motion for im- 
pelling machinery, is most extensive and familiar. The sim- 
plest method of applying this force as a mechanical agent, ia 
by means of wheel^ which are caused to revolve by the 
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weighty cr pressore, of the water applied to their circomferences. These 
whecU ore mounted upon shafts, or axles, which are in turn connected with 
the mociiinerjr to which motion ia to be imparted. 

3,51. The water-wheels at present most gen- 
water.whSSu crally used may be divided into four classes — 
divided/ ii^Q Undershot, the Overshot, the Breast 

Wheel, and the Toubbine Wheel. 

T. -.V *v 363. The Undershot Fio. 145. 

Sscrlba the .^, , . , ^ , , 

c ' iHtr jotton of Wheel consists of a wheel, 

Whii!^''^'*"'' on the circumference of 

which are fixed a number 
of flat boards called '^/hat-boards" at equal 
distances from each other. It is placed in 
such a position that it? lower floats are im- 
mersed in a running streanii and is set in 
motion by the impact of the water on the 
boards as ihejr succassively dip into it. A 
wheel of tliis kind will revolve in any 
stream which Airnishes a current of suffi- 
cient power. Fig. 145 represents the construction of the undershot wheel. 

This form of wheel is usually placed in a "race-way," or narrow passage, in 
such a manner as to receive the foil force of a current issuing from the bottom 
of a dam, and striking against the float-boards. And it is important to re- 
member, tliat the moving power is the same, whether water falls downward 
from the top of a dam to a lower level, or whether it issues from an opening 
made directly at the lower level This will be obvious, if it is considered 
that the force with which water issues from an opening made at any point in 
the dam will be equal to that which it would acquire in falling from the sur- 
£ice or level of the water in the dam down to the same point 

The undershot wheel is a most disadvantageous method of 

applying the power of water, not more than 25 per cent of 

the moving power of the water being rendered available 

by it 
353. In the Overshot 

"Wheel, the water is received 

mto cavities or cells, called 
"buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
<Iia water as possible, until they arrive at the 
lowest part of the wheel, where they empty 
themselves. The buckets then ascend empty 
on the other side of the wheel to be filled as * 
before. The wheel is moved by the weight of 
the wat3r contained in the buckets on the descending side. 
Bents an overshot wheel 
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The overshot wheel is one of the most effectiTe rarieties oi 
water-wheels, and receives its name from the circomstance 
that the water shoots over it It requires a laJ in tho stream, 
rather higher than its own diameter. Wheels cf this kind, 
when well constructed, utilize nearly three fourths of the mov- 
ing force of the water. 

354. The Breast Wheel may be considered as a variety 

S^rt^^on^f intermediate between the overshot and the undershot wheels. 

\ e Breast- j^ ^jg^ i\^q water, instead of billing on the wheel from above, 

or passing entirely beneath it, is delivered just below the level 

of the axis. The race-way, or passage for 

the water to descend upon the dde of the 

wheel, is built in a circular form, to fit ^he 

drcumferencd of the wheel, and the water 

thus inclosed acts partially by its weig.t, 

and partially by its impulse, or momentmn. 

Fig. 147 represeute a breast-wheel, with its 

circular race-way. 

The breast- wheel, when well constructed, 
will utilize about 63 per cent, of the mov- 
ing power of the water. It is more efficient 
than the undershot wheel, but less than the 
overshot. It is therefore only used where the fall happens to be particularly 
adapted for it. 

355. The fourth class of water-wheels, the "Tour- 
bine," or " Turbine," is a wheel of modem invention, 
and is the most powerful and economical of all water- 
engines. 

The principles of the construction and action of the 
Tourbine wheel maybe best understood by a previous 
examination of the construction of another water- 
engine known as "Barker's Mill" (See Fig. 148.) 

This consists of an upr^ht tube or 
constrncrtoMof Cylinder, furnished with a smaller 
Barker*8MiiL cross-tube at the bottom, and en- 
larged into a funnel at the top. The whole cylinder 
is so supported upon pivots at the top and bottom, 
that it revolves freely about a vertical axis. It is 
^ident if there are no openings in the ends of the 
cross-tubes, and the whole is filled with water, that 
the entire arrangement will be simply that of a dose 

vessel filled with water, without any tendency to motion. If; however, the 
ends of the arms, or cross-tube, have openings on the sides, opposite to one 
another, as is represented in the figure, the sides of the tube on which the 
openings are, will be relieved from the pressure of the column of water in the 
upright tube by the water flowing out, whUe the pressure on the ades oppo- 
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Bite to them, which hare no openings, will remain the sama The machine, 

therefore, will revolve in the direction of the greater pressure, that ia^ in a 

direction contrary to that of the jets of water. A supply of water poured into 

the fhnnel-head, keeps the cylinder fhll, and the pressure of the oohunn of 

water constant 

The action of this machme may also be explained according to another 

view: the pressure of the column of water in the upri^t tube, will cause the 

water to be projected in jets fh>m the openings at the ends of the arms in 

opposite directions; when the recoil, or reaction of these jets upon the ex-; 

tremities of the cross-tubes, gives a rotary motion to tha whole machine upon 

its vertical axis. 

« ^v 41. The Tourbine wheel derives its motion, like the Barker's 

Deiorlbe the .„ . ^, . , , «. i * ^ 

conatractton mill, from the action of the pressure of a colunm of water. 

the T?mrbine ^* consists of a fixed, horizontal cylinder, A B, Fig. 149, in 
WheeL the center of which the water enters ftom an upright tube oi 

cylinder, corresponding in position 
FlQ, 149. ^ ^jjQ upright cylinder of a Bark- 

er's mill. The water descend- 
ing in the tube diverges from the 
center in every direction, through 
curved water-channels, or com- 
partments, A and B, formed in the 
horizontal cylinder, and escapes at 
the circumference. Around tho 
fixed horizontal cylinder, a hori- 
zontal wheel, D, in the form of a 
ring or circle, is fitted, with its rim 
formed into compartments" exactlj 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve in an oppo- 
site direction. The water issuing 
from the guide-curves A B, strikes against the curved compartments of tbo 
wheel B, and causes it to revolve. The wheel, by attachments beneath the 
fixed cylinder A B, is connected with a shaft, E, whwh passes up through tho 
fixed and upright cylinder, and by* which motion is imparted to machinery. 

The Tourbhie wheel may be used to advantage with a fall 
Sffldincy * of 0^ water of any height, and will utilize more of the force of 
the Tourbine the moving power than any other wheel — amounting, in sona 
wheel? instances, as at the cotton factories at Lowell, Mass., to up- 

ward of 95 per cent, of the whole force of the water. 

356. It may appear strange to those unacquainted with the 
action of hydraulic engines, that so much of the power exist- 
ing in the agent we use for producing motion, as running 
water, should be lost, amounting in the undershot wheel to 
75 per cent of the whole power. This is due partially to the 
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ftiction of the water against the aui&oes 19011 whkh h fkrnn, and to fiie 6ii»^ 
tion of the wheel which reoeiTea the fixce of the cmreot JPorae ia abo loat 
hy changing the direction of the wat» in order to oooTej it totbe madiiiieiy; 
in the sudden diange <^ Tdodty which the water nndetgoea when it fini 
strikes the wheels ; and more than all, from the fivt that a considerable aoKrant 
of ferco is left unemployed in the water whidi eacapea with a greater or leas 
velocity from every variety of wheel It may be oonaidered aa practically 
impossible to construct any fixm of water«Dgine whidi will utilize the whrie 
force of a current c^ water. 

357. Water, although one of the moat abundant aobstanoea in natora^ and 
a universal necessity of life, is not always fbond in the locatioa in wiiidi it ia 
desirable to use it Mechanical aimngementa^ tbetefin^ adapted to raise 
water from a lower to a higher level, have been among the eailiest inventipna 
of every country. 

What were 858. Thc application of the lever, in the 
SSUmOTtefo; form of the old-fashioned well-sweep (still 
raising irater? ^g^^j jj^ many paits of this conntry, and 
throughout Eastern Asia), of the pulley and rope, and 
the wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

*« «. «v ^® screw of Archimedcfl^ invented by the phSoaopber 

I>e8cnM toe _ ,^- ».. »» 

Arehtmedet whose name it bears, is a oontnvance for raising water, 01 

■*'*^' great antiquity. 

This machine^ represented in Fig. 
^^ ^^®- 150, consists of a tube wound m a 

spiral Sbnn about a solid cylinder, A 
B, which is made to revolve by turn- 
ing the handle H. This cylinder is 
placed at a certain inclination, with 
its lower extremity resting in the 
water. As the cylinder is made to 
revolve, the end of the tube dips into 
the water, and a certain portion ec- 
ters the orifice cu By continuing 
the revolution of the cylinder, the 
water flows down a series of inclined 
planes, or to the under side of the 
tube, and if the inclination of the 

tube be not too great, the water wOl finally flow out at the upper orifice into 

a proper receptacle. 
The following diagram, Fig. 151, representing the curved tube in two 

opposite positions, will illustrate the action of the Archimedes screw. Suppose 

a marble dropped into the tube at o^ fig. 1, : if it was kept stationary in the 
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Fia. 15L tube until it was tamed half rotind, as in the 

position, fig. 2, the marble would beat a'; now, 
if at liberty to move, it would roll down to 6'; 
but this effect, which we have supposed accom- 
plished all at ODce, is really, graduallj performed, 
and a rolls down toward 6' by the gradual turn- 
[\9 ing of the tube, . and reaches h' as soon as the 
screw comes into the position marked in fig. 2 ; 
another half turn of the screw would bring it 
mto its first position, and the marble would 
gradually roll forward to c. 

.^^ jj 359. The common suction-pump is a later discorery than the 

eommoii pump screw of Archimedes, and is supposed to have been invented 
inrented f -^y Ctesibius, an Athenian engineer who lived at Alexandria^ 

in Egypt, about the middle of the second century before the Christian era.* 

D««rtbe th, '•!•>• "f^^ Chain-pump ^^ jbj. 

construction of consists of a tube, or cyl- 
thechain-pump. ^^^^^^ t^e lower part of 
which is immersed in a well or reser- 
vou*, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, which is dis- 
charged into the cistern at the top of the 
tube. The machine may be set in mo- 
tion by a crank attached to the upper 
wheel. 

Fig. 152 represents the construction 
and arrangement of the chain-pump. 
In what dtn- ^he chain-pump will 
tions is tbia act With its greatest ef- 

^Si?3l7u?edf ^^ ^^^^ the cylinder 
in which the plates and 
chain move, can be placed in an inclined 
position, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the height through which 
the water is to be elevated is not very great, as in eas.s uherc the founda- 
tions of docks, eta, are to be drained. 

• The suction-pump, and other machines for raising water which depend upon the 
pressure of the atmosphere, are described under the head of Paenmatios. 
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^ , ,^ This machine is not, however, used exclusively for raisine 

Forwhatother . y. !• x- . . . , , . ^ 

purposes than Water. Its apphcation, in pnnciple, may be seen m any grist- 

fa^f chSS^ ^^^ where it conveys Uie flour discharged from the stones, 
pump used? to an upper part of the building, where it is bolted. Dredg- 
ing machines for elevating mud from the bottom of rivers, aro 
also constructed on the same principle. 

whatisanHy- 361. The ' Htdraulic Kam is a machine 
drauuc Ram? constiucted to raisc water by taking advantage 
of the impulse, or momentum, of a current of water sud- 
denly stopped in its course, and made to act in another 
direction. 

The simplest construction of the hydraulic ram is repre- 
sented in Fig. 153, and its operation is as follows :— At the 
end of a pipe, B, connected with a spring, or reservoir. A, 
somewhat elevated, from which a supply of water is derived, 
is a valve, E, of such weight as just to fall when the water is quiet, or still, 
Fig. 153. wilhm the pipe ; this pipe is con* 

nected with an air-chamber, D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut Suppose now, the 
water being still within the tube 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through" B soon acquires a 
momentum, or force, suflBcient to 
raise the valve E up against its seat. The water, being thus suddenly ar- 
rested in its passage, would by its momentum buret the pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained in the 
chamber D is condensed by the sudden influx of the water, but immediately 
reacting by means of its elasticity, forces a portion of the water up mto the 
tuba F. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the air-chamber doses, and the valve E falls down or opens ; again the 
stream commences running, and soon acquires sufficient force to shut the 
valve E ; a new portion is then, by the momentum of the s!ream, urged into 
the air-chamber and up the pipe F ; and by a contmuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in Which by 
the use of two air-chambers, C and P, the force of the machine is greatly in- 
creased. A represents the main pipe, B the valve from whence the water 
escapes, G the pipe in which it is elevated. 
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As this machine produces a kind of intermitting motion from the alternate 
flux and reflux of the stream, accompanied with a noise arising from the shock, 
its action has been compared to the butting of a ram ; and hence the name of 
the machine. 

It will be seen from these details, that a veiy insignificant pressing column 
of water, running in the supply pipe, is capable of forcing a stream of water 
to a very great height, so that a suiftcient fall of water may be obtained in any 
running brook, by damming up its upper end to produce a reservoir, and then 
carrying the pipe down the channel of the stream until a sufficient fall ia 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the air-vessel, 
may be thrown back, when the valve is dosed, into the reservoir. 



CHAPTER X. 

PNEUMATICa 

What is fhe 262. Pneumatics is that department of 
pJSmatics? physical science which treats of the motion 
and pressure of air,* and other aeriform, or 
gaseous substances. 

Into what two ^62* -Aeriform, or gaseous bodies, may be 
2riSJr*Jub! div^^®^ ^^^^ ^wo classes, viz., the permanent 
^oet be di- gases, or those which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

3 64.\ Atmospheric air is taken as the type, or representative, of all perma- 
nent gases, and steam as the type of ail vapors, because these substances pos- 
sess the general properties of gases and vapors in the utmost perfection. 
What is iho 365. The atmosphere is a thin, transparent 
fltmonpherer fluid, or acriform substance, surrounding the 
earth to a considerable height above its snrface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmoipherie air is composed of ozj^n and nitrogen mixed together in the proportion 
of scT3nt7-nine parts of nitrogen and twenty-one of ozjrgen, or about fonr.flfths nitrogen 
to one-fifth oxygen. These two gases existing in the atmosphere are not chemically com- 
Uned with each other, bat merely mixed. 

Beside these two ingredients there is always in the air, at all places, carbonic acid gas 
and watery vapor, in yariable proportions, and sometimes also the odoriferous mutter of 
flowers, and other rolatile subsUnces. 

The air in all regions of the earth, and at all derations, never varies in eompositior, so 
fci as regards the proportions of oxygen and nitrogen which it contains, no matter whether 
It te collected on the top of high raoantains, over marshes, or over deserts. 

lu is a wonderful principle, or law of nature, that when two gases of di£Rerent weights, 
or specific gravities, nre mixed together, tliey can not remain separate, as fluids of differ- 
ent densities do, but dlffase thpmselves uniformly thronghout'the whole space which both 
ocenpy. It is, therefore, by this law that a vapor, arising by its own elasticity from a 
volatile snbstance, is caused to extend it« influence and mingle with the surrounding at> 
nosphere, until its effects become so enfeebled by dilution as to be Imperoeptible to the 
senses. Thus we are enabled to eqjoy and perceive at a distance the odor of a flower* 
garden, or a perfume which has been exposed in aa apartment 
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The atmosphere is not, as is generally regarded, invisiblou 

^h re ri^o?" ^^®^ 8®®^ through a great extent, as when we look upward 

in the sky on a dear day, the yaolt appears of an aznre, or 

deep blue color. Distant mountains also appear blue. In both these instances 

the color is due to the g^reat mass of air through which we direct our vision. 

The reason that we do not observe this color in a small quan- 
m smaUqnanti- tlty of air Is, that the portion of colored light reflected to the 
Slbu' Y' f^' ®y® ^y • Hmited quantity is insufficient to produce ihe requis- 
ite sensation upon the eye, and in this way excite in the mind 
a perception of tho color. Almost all slightly transparent bodies are exam- 
ples of this fact 

If a glass tube of small bore be filled with sherry wine, or wine of a simi- 
lar color, and looked at through the tube, it will be found to have all the 
appearance of water, and be colorless. If viewed fix)m above, downward, in 
the direction of its length, it will be found to possess its original color. In 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so faintly, as to be inadequate to 
produce perception. For the same reason, the great mass of the ocean 
appears green, while a small quantity of the same water contained in a glass 
is perfectly colorless. 

366. Air, in common with other material 
substances, possesses all the essential quali- 
tiea of matter? j^[qq of matter, as impenetrability, inertia, and 
weight. 

36Y. The impenetrability of air may be shown by taking a 
proofe of the hollow vessel, as a glass tumbler, and immersmg it in water 
tySf°a^^*^" '^it*! its mouth downward; it will be found that the water 
will not fill the tumbler. If a cork is placed upon the water 
under the mouth of the tumbler, it will be seen that as the tumbler is pressed 
down, the air in it will depress the surface of the water on which the cork 
floats. The diving-bell is constructed on the same principle. 

,^ , 368. The inertia of the air is shown by the resistance which 

What aro *' 

proofs of the it opposes to the motion of a body passing through it Thu% 
inertia of air ? ^ ^^ ^pg^ gj^ umbrella^ and endeavor to carry it rapidly with 
the concave side forward, a considerable force will be required to overcome 
the resistance it encounters. A bird could not fly in a space devoid of air, 
even if it could exist without respbation, since it is the inertia^ or resistance 
of the particles of the atmosphere to the beating of the wings, which enables 
it to rise. Tho wings of birds are larger, in proportion to their bodies, than 
the flns of fishes, because the fluid on which they act is less dense, and has 
proportionally less inertia, than the water upon which the fins of fishes act 

To what ex- 369. Air is highly compressible and perfectly 

tent is air ploofip 

By these two qualities air and all other gaseous substances 
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we particularly distinguished from liquids, which resist compression, and pos« 
sess but a sm^ degree of elasticity. Illustrations of the compressibility of air 
are most familiar. A quantity of air contained in a bladder, or India-rubber 
bag, may be easily forced by the pressure of the hand, to occupy less space. 
There is, indeed, no theoretical Umit to the compression of air, for with every 
additional degree of force, an additional degree of compression may be obtained* 
The elasticity, or expansibility ef air, also manifests itself 



■esa anv eon- in an unlimited degree. Air cannot be said to have any 
vSiumeF * ^' original size or volume, for it always strives to occupy a 



Does air pos- 

larger space. 

W^tarefflus- "When a part of the air indosod in any vessel is withdrawn, 
ezpansibiuty that which remains, expanding by its elastic property, always 
of air r gj]g |.jjQ dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the remaining one tenih would occupy the same 
space that the whole did formerly. 

This tendency of Mr to occupy a larger space, or in other words, to increase 
its volume, causes it when confined in a vessel, to continually press against 
the inner sur^e. If no corresponding pressure acts from the outer sor&oo, 
the air will burst it, unless the vessel is of considerable strength. Thisfact may 
be shown by the experiment of placing a bladder partially filled with air be- 
neath the receiver of an air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer surface of the bladder is re- 
moved. The elasticity of the air contained in the bladder being then unre- 
sisted by any external pressure, will dilate the bladder to its fullest extent, 
and oftentimes burst it. 
* . .v., 369. Air. as well as all other rases and va- 

Baaairweigbt? ' o 

pora, possesses weight 

The weight of air may be shown by first weighing a suitable vessel filled 
with air ; then exhausting the air from it by means of an air-pump, and weigh- 
ing again. The difference between the two weights will be the weight of the 
air contained in the vessel 

The weight of 100 cubic inches of air is about 31 grains 
To what ifl the ^^^' ^^^ elasticity, or expansion of air is duo 
2JdTO*f ""^ *^ ^^^ peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner from what they do in solid and, 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change their respective poationsj they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon each other with perfect freedom. But in 
gases, or esriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away from each other; and this to so great an ex* 
tent, that nothing but external impediments can hinder their further expansioxi« 
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Wh t limltt ^^ question, therefore, natorfllly occurs in this connection, 
the atmosphere Tiz.: If air expands unlimitedlj, when unrestricted, whj does 
to the earth t ^^ Q^f atmosphere leave the earth and dififuse itself through- 
out space indefinitely 7 Thia it would do were it not for the action of g^vi- 
tation. The particles of au*, it must be remembered, possess weight, and by 
gravity are attracted toward the center of the earth. This tendency of gravity to 
condense the air upon the earth*s surface, is opposed by the mutual repulsion 
existing between the particles of air. These two forces counterbalance each 
otlier : the atmosphere will therefore expand, that is, its particles will separate 
from one another, until the repulsive force is diminished to such an extent as to 
render it equal to the weight of the particles^ or what is the same thing, to 
the force of the attraction of gravitation, when no further expansion can take 
place. We may therefore conceive the particles of air at the upper surfiuse of 
the atmosphere resting in equilibrium, under the influence of two opposite 
forces, viz., their own weight, tendmg to carry them downward, and the 
mutual repuhnon of the particles^ which constitutes the elasticity of air, tend- 
ing to drive them upward. 

What law reg. 871. The dcDsity of the air, or the quantity 
rii*rf*the*«tl contained in a given bulk, decreases with the 
nioepheref altitudc, or height above the surface of the 
earth. 

This is owing to the dimiuished pressure of the air, and Fig. 155. 

the decreasing force of gravity. Those portions directly 
incumbent upon the earth are most dense, because they bear 
the weight of the superincumbent portions; thus, the hay 
at the lower part^ of the stack bears the weight of that 
above, and is therefore more compact and dense. (See Fig. 
155.) This idea may be conveyed by the gradual shading 
of the figure, which iudicates the gradual diminution in the 
density of the atmosphere in proportion to its altitude. 
When is air 372. Air is Said to be rarefied 

■aid to be rare- , •. • t . i i 

ficdf when it IS caused to expand and occupy a 

greater space. 

Generally, when we speak of rarefied air, we mean air that is expanded to 
a greater degree, or is thinner, than the air at the immediate surface of the 
earth. 

3*73. The great law governing the compressibility of air, which is known 
from its discoverer as ** Mariotte's Law," may be stated as follows: 

What is Ma. ^^6 volumc of spaco which air occupies is in- 
rijtta'a L%wf yerssly as the pressure upon it. 

If the compressing force be doubled, the air which is compressed will 
occupy one half of the space: if the compressing force be increased in a three- 
fold proportion, it will occupy one thhrdthe space; if fourfold, one fourth the 
space, and so on. 
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The rdation between the co ui|ireaai bilily of air, and He tht^Satj and dena>> 
it7, also obeys a oertaia lav wfaiqh maj thoa be expreoKd: — 

874. The density and elasticity of air are 
directly as the force of compression. 

This relatioQ is dearij ezfaibUed bj the roUowing table: — 
With the same amoant of air, occupying the space of 
1 I I I 1 I I 

the elasticity and density will be 1, 2, 3, 4^ 5, 6, lOa 
^^.. g_ IIenoebycoinpieasingairinlDaTeiy8nDa]lq»ce,by means 

Instrmtloiis of of a proper ^^Moatoa^ we can iDcreaae ita elastic loroe tosuch 
S^aSr*^***"* an extent aa to i^iply it fiv the production of Toy poweifhl 
el&cta. The wdl-known toy, the pc^>-gan, ia an example of 
the application of tlua power. The Bpm» A of a hoQow cylinder. Fig. 156^ is 
inclosed by the stc^po; p, at one end, and by the end of the rod, S^ at the 
other end. This rod being poshed iiirther into the cylinder, the air oontained 
in the space, A, is compressed until its elastic force becomes so great as to 
drive out the stopper, p^ at the other end of the cylinder with great foroe^ 
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accompanied with a report The air-gun ia constructed and operated on a 
similar principle. 

^^ 3*15, The laws of Mariotte may be 

Inatnte tbe illustrated and proved by the following 
lava ofMariotte. experiment: let A B D be a long, 
bent glasd tube, open at its longer extremity, and Air- 
nished with a stop-cock at the shorter. The stop-cock 
being open so as to allow free communication with 
tbe air, a quantity of mercury ia poured into the 
open end. The surfkces of the meroory will, of course, 
stand at the same level, E F, in both legs of the 
tube, and will both sustain the weight of a col- 
umn of air reaching from E and F to the top of 
the atmosphere. If we now dose the stop-cock, I^ 
the effect of the weight of the whole atmosphere 
above that pomt is cut off, so that the surface, F, can 
sustain no pressure arising from the weight of the 
atmosphere. Still, the level of the mercuiy in both 
legs of the tube remains the same, because the elas- 
ticity of the air inclosed in F D is precisely equal, and 
sufficient to balance the weight of the whole column 
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of atmosphero pressing upon the surface, K If this were not the case, or if 
Ihero were no air in V D, then the weight of the atmosphere pressing upon 
the surface £ would force the mercury, £ B F, up into the space, F D. 17be 
elasticity of air is, there/ore^ directiy proportioTioie to th& force^ or compressioji, 
exerted upon it 

It is evident that the pressure exerted upon the surface, E, Fig. 157, what- 
ever may be its amount, is that of a column of air reaching from £ to the top 
of the atmosphere, or, as we express it, the weight of one atmosphere. The 
amount of this pressure, accurately determined, is equal to the weight, or 
pressure, which a column of mercury 30 indies high would exert on tlie 
same surface. If then, we pour into the tube, A £, Fig. 157, as much 
mercury as will raise the sur&ce in the leg A B 30 inches above the 
surface of the mercury in the 1^ D G. we shall have a pressure on the 
surface of E equal to two atmospheres; and since liquids transmit pressure 
equally in all directions, the same pressure will be exerted on the air included 
in the leg D F. This will reduce it in voluma one hal^ or compress it into 
half the space, and the mercury will rise in the i3g D F from F to F, Tliis 
weight of two atmospheres reduces a given quantity of air mto one half its 
volum& In the same manner, if mercury be again poured into the tube A 
£ until the surface of the column in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original volume. In the same manner it could be diown, by continuing these 
experiments, that the diminution of the volume of air will always be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the diminution of the compressing 
force. In fact this law has been verified by actual experiment^ until the air 
has been condensed 27 times and rarefied 112 times. 

Air has been allowed to expand into more than 2,000 times its bulk, and 
it would have expanded still more if greater space had been allowed. Air 
has also been compressed into less than a thousandth of its usual bulk, so as 
to become denser than water. In this state it still preserved its gaseous form 
and condition. 

«r *u I K^ 376. The fact tliat air possesses weight, and consequently 

Was the weight i.-«~™ ,^ ^^ u j j 

of air know-a exerts pressure, was not known until about two hundred years 

clentB*?^ *°' ago. The ancient philosophers recognized the feet, that air 

was a substance, or a material thing, and they also noticed 

that when a solid, or a liquid, was removed, that the air rushed in limd filled 

up the space that had been thus deserted. But whmi called to give a 

reason for this phenomenon, they said *Hhat nature abhorred an empty 

space," or a *< vacuum," and therefore filled it up with air, or some liquid, or 

solid body. 

What 1^ '% 377. A vacuum is a space devoid of matter; 

vacaamf jj^ general, we mean by a vacuum a space de- 
void of air. 

No perfect vacumn can be produced artificially; but confined spaces can 
be deprived of air sufBdently &r all experimental and practical parpose& 
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We do not know, moreoTcr, that anjvmeoEam enats in natnr^ aUnqgh there 
is no concliisive evidence that the apeoBB between the pbaeta are filled widi 
any material sabstance. 

If we dip a pail into a pcmd, and fin it with water, a hole (or Tncnnm) is 
made in the pond as big as the pail; hot the moment the pail is diawn oo^ 
the hole is filled up by the water aiXMuid it In the same manner air rashes 
in, or rather is pressed in bj its wdght^ to fill up an empty space. 
How dom "When we place one end of a straw, or tube in the mouth, 

water rise in a and the other end in a liquid, we can cause the liquid to rise 
g»w hf mo- in the stzaw, or tube bj socking it up^ as it is called. Ve^ 
however, do no such ^txbog; we merelj draw into the mouth 
the portion of airconfined in the tnbe^ and the pressure of the extonal air 
which is exerted on the sor&ce of the iiipiid into which the tube dip^ being 
no longer balanced by the dasticify of the air in the tube, forces the liquid 19 
into the mouth. Jt, however, the straw w&e gradually increased in length, 
we should find that above a certain length we should not be able to nuae 
water into the mouth at all, no matter how smaU the tube might be in diam- 
eter; or, in other words, if we made the tube 34 feet long, we should find 
that no power of suction, ev^ by the most powerful machinery instead of 
the mouth, could raise the water to that height The water rises in the com- 
mon pump in the same way that it docs in the straw ; but not above a height 
of 33 or 34 feet abovo the level of the reservoir. 

„ ^ 378. The reasou why water thus rises in a straw, or pumpy 

uoentof water remained a mystoy until explained and demonstrated by Tor- 
^'S**fiJrt^^ "^^^i * P^P^ of Galileo. It is clear that the water is sus- 
piainedandde- tained in the tube by some force, and Torricelli argued that 
monstrmted? whatever it might be, the weight of the column of water sus- 
tained must be the measure of the power thus manifested ; consequently, if 
another liquid be used, heavio' or lighter, bulk for bulk, than water, then the 
same farce must sustain a lesser or greaier column of such Uquid. By using a 
much heavier liquid, the column sustained would necessarily be much shorter, 
and the experiment in every way more manageabla 

Torrioelli verified his condudons in the following manner: — ^He selected 
for his experiment mercury, the heaviest known liquid. As this is 13|- 
times heavier than water, balk for bulk, it followed that if the force imputed 
to a vacuum could sustain 33 feet of water, it would necessarily sustain 
13^ times less, or about 30 inches of mercury. Torricelli therefore made the 
following experiment, which has anoe become memorable in the history of 
science : — 

He procured a glass tube (Fig. 158) more than 30 mches long, open at one 
end, and dosed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted It, plung- 
ing the end into mercury contained in a cistern. On removing the finger, he 
observed that the mercury in the tube fell, but did not fall altogether into the 
dstem ; it only subsided until its surface was at a height of about 30 inches 
above the sur&ce of the mercury in the dstem The result was what To^ 

8 
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rioelli expected, and he soon Fia. 158. 

perceived the true cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the surCice of the mercury in 

^he vessel, supports the liquid 

in the tube, this last being 

protected from the pressure of 

t\o atmosphere hy the closed 

cad of the tube. 

379. The fact 
How wmi the ^, x ^i_ i 

eoncloHon of that the COl- 
Torric^l fur- ^^jj^ ^f mer- 

cuiy m the 
tube was sustained hy the 
pressure of the atmosphere^ 
was further verified by an ex- 
periment made by Pascal in 
France. He argued, that if 
the cause which sustained the 
column in the tube was the 
weight of the atmosphere act- 
ing on the external surface of 
the mercury in the cistern, 
then, if the tube was trans- 
ported to the top of a high 
mountain, where a less quan- 
tity of atmosphere was above 
it, the pressure would be less, 
and the lepgth of the column less. The experiment was tried by carrying 
the tube to the top of a mountain in the interior of France, and correctly 
noting the height of the column during the ascent It was noticed that the 
height of the column gradually diminished as the elevation to which the 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig. 158, is only balanced against the equal weight of a column 
of air, is to take a tube of sufiBcient length, and having tied over one end a 
bladder, to fill it up with mercury, and invert it in a cup of the same liquid ; 
the mercury will now stand at the height of about 30 inches ; but if with a 
noedle we make a hole in the bladder closing the top of the tube, the mer- 
cury in the tube immediately falls to the level of that in the cup. 

These experiments by Torricelli led to the invention of the 
Barometer. It was noticed that a column of mercury sus- 
tained in a tube by the pressure of the atmosphere, the tube 
being kept in a fixed position, as in Fig. 159, fluctuated from 
day to day, within certain small limits. This efifect w&a 




now did the 
experiment of 
Torriconi lead 
to the inven- 
tion of the Ba- 
vometerf 
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Why shotdd 
the presence of 
condensed ra- 
por of water in 
tha atmos- 
phere affect its 
pressure? 



naturally attributed to the Tariation in the weight or pres' 
sure of the incambent atmosphere, arising from Tarious me- 
teorological causes. 

Thus, when the air is moist or filled with vapors, it is lighter 

than usual, and the column of mercury stands low in the «^ I 

tube ; but when the air is dry and frco from vapor, it is heavier, 
and supports a longer column of mercury. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it, it con- 
tribut3s to the atmospheric pressure, and thus 
a portion of the colunm of mercury in the ba- 
rometer tube is sustained bj the weight of the 
vapor ; but when the vapor is condensed, and 
takes on a visible form, as clouds, etc^ then it no longer 
forms a constituent part of the atmosphere, any more than dust^ 
smoke, or a balloon floating in it does, and the atmospheric 
pressure being diminished, the mercury in the tnbe falls. In 
this \% ay the barometer, by showing variations in the weight 
of the air, indicates also the changes in the weather. 

380. The space above the mercury in the 
barometer tube, A D, Fig. 159, is called the 
Torricellian vacuum^ and is the nearest approach to a perfect 
vacuum tliat can be procured by art; for upon pressing the 
lower end deeper in the mercury, the 
whole tube becomes completely filled; the fluid again 
falling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapor. 

381. Barometers are constructed in very different 
forms — the principle remaining the same, of course, in 
alL The first l)arometer constructed was simply a tube 
closed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in Fig. 159. 
What is the ^ ^^^ common form of barometer, 
eonstractionof called the "Wheel-Barometer," con- 
B^omete??^^' Bists of a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Fig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surface of the mercury in the shorter 
arm, the end of which is open. A small float of iron 
or glass rests upon the mercury in the shorter arm of 
the tube, and is suspended by a slender thread, which 
is passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, the float resting 
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Fig. 162. 







upon the open sor&ce, is raised or lowered in the FiG. 161. 

tube, moving the index over a dial-plate, upon which 
the various changes of the weather are lettered. 

Fig. 160 represents the internal structure of the 
wheel-barometer, and Fig. 161 its external appear- 
ance, or casing, with a thermometer attached. 

A very carious barometer, called 
the ""Aneroid Barometer,'' has been 
invented and brought into use within 
the last few jeara. Fig. 162 respresents its ap- 
pearance and construction. Its action is dependent 
on the effect produced by atmospheric pressure on a 

metal box, fix>m 
which the air 
has been ex- 
hausted. In the 
interior of the 
box is a circu- 
lar spring of , 
metal, fastened 
at one extremi- 
ty to the sides 
of the box, and 
attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pointer, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box being deprived of ah>, the atmospheric pressure upon the 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. This motion 
is communicated to the spring in the interior, and from thence to the p(^ter, 
which, moving upon the dial, thus indicates the changes in the wea4;her, or 
the variation m the pressure of the atmosphere. 

,^-. . ^ "Water, or some other liquid than mercury, may be used for 

iwcuUaritiesof filling the tube of a barometer. But as water is 13^ times 
lighter than mercury, the height of the column in the watei^ 
barometer supported by atmospheric pressure, will be 1^ times 
greater than that of mercury, or about 34 feet high ; and a change which 
would produce a variation of a tenth of an inch in a column of mercury, would 
produce a variation of an indi and a third in the column of water. Tho 
water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport 




the vater-ba- 
rometer? 



PNEUMATICS. 178 

382. The ordinary iiae of the bttimneter on land as a weather 
^nlai ^ the indicator is extremely limited and uncertain. It has hecn 
barometer as a already stated that the weight of 100 cubic indies of air is 
^^rf about 30 grains. To obtain this resoH^ it is necesmy that tlie 

experiment should be performed at the level of the sea, and it 
is also requisite that the temperature of the air sboold be aboot 60« Fahren- 
heit's thermometer, and that the height of tlie oi^umn of mercury in the ba- 
rometer tube should be 30 indiea As these conditions yaiy, the weight, or 
pressure of the atmosphere, and consequently the height of the mercury in 
tie barometer tube must also vary. JSspeaaOj will the height of the mer- 
curial coluom vary with every change in the position of the instrument as 
regards its elevation above the level of the se& A barometer at the base of 
a lofty tower will be higher at the same moment than one at the top of the 
tower, and consequently two such barometers would i«Hi4»at<* different com- 
ing changes m the weather, though aI«olntely situated in the same place. Ko 
correct judgment, therefore, can be formed relative to the dcnaty of the at* 
mosphere as affecting the state of the weather, without rcfinence to the cita- 
alaon of the instrument at the time of making the observation. Consequently, 
no attention ought to be paid to the words "fairf rain, diartgeoNe,'" etc., fre* 
quently engraved on the plate of a barometer, as they will be found no eer^ 
icdn indication of the correqx)ndenoe between the heights marked, and the 
state of the weather. 

i«t extent "^^^ barometer, however, may be generally relied on for 
may the iM^ furnishing an indication of the state of the weather to this ex- 
rometerbere- tentr—that a £01 of the mercuiy m the ttbe shows the ap- 
teiungchangea proach of foul weather, or a storm; nlme a rise mdicatet 
in the weather? the approach of fair weather. 

At sea, the indications of the barometer respecting the weather, are gener- 
ally considered, from various drcumstanoes, more reliable than on land: the 
great hurricanes which frequent the tropics, are almost always indicated, some 
time before the storm occurs^ by a rapid fiiU of the mercury^ 

383. If a barometer be taken to a point elevated above the 
l)aroine£ be surface of the earth, the mercury in the tube will fall ; because 
SS^Sn'r ^'^ ttle ^ ^® ascend above the level of the sea, the pressure of the 
beii^t of atmosphere becomes less and less. In this way the barometer 
moimtainar maybe used to determhie the heights of mountaina, and tables 
have been prepared showing the dejn'ees of elevatton corresponding to the 
amount of depresaon in the column of mercury. 

mat u the 384 The absolute height to which the at- 
Sr^SfltoS?* Jnosphere extends above the purface of the 
^^^ earth is not certainly known. There are good 

reasons, however, for believing that its height does not 
exceed fifty miles. 
This envelope of air is about as thick, in proportion to the whole globe^ as 
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ihQ liquid lajer adhering to aa orange after it baa been dipped in water, is 
to the entire mass of the orange. Of the whole balk of the atmosphere, the 
aone, or layer which surrounds the earth to the height of nearly 2 3-4 miles 
ih>m its surfice, is supposed to contain one halt The remaining half being 
rolieved of all superincumbent pressure, expands into another zone, or belt, 
of unknown thickness. Fig. 163 will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth, and the thickness 
of the atmosphere. The concentric lines divide the atmosphere into six layers, 
containing equal quantities of air, showing the great compression of the lower 
layers by the weight of those above them. 

Fia. 163. 




Water is about 840 times the weight of air, taken bulk for 
oompuratiTa bulk, and the weight of the whole atmosphere enveloping our 
JSj^v*' ?' g^obe lias been estimated to be equal to the weight of a globe 
^^ *" of lead sixty miles in diameter. 

If the whole air were condensed, so as to occupy no more space than the 
same weight of water, it would extend above the earth to an elevation of 
thirty-four feet 

385. All aeriform, or gaseous substances, 
like liquids, transmit pressure in every direc- 

■tanoes exert- tiou equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 
with the same force. 

386. The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 15 pounds for every square 
inch of surface. 

The sur&ce of a human body, of average nze, measures 
about 2,000 square inches. Such a body, therefore, sustains 
a pressure from the atmosphere amounting to 30,000 pounds, 
or about 15 tons. 

The reason we are not crushed beneath so enormous a load, 
is because the atmosphere presses equally in all directions, 
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SeaSoiiphCTe? and our bodies are filled with liquids capable of sustaming 
pressure, or with air of the same density as the ezternal air; 
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eo that the external pressure is met and counterbalanced by the internal re- 
sistance. 

If a man, or animal were at once relieved of all atmospheric pressure, all 
the blood and fluids of the body would be forced by expansion to the sur&ce, 
and the vessels would burst 

Wh t efleet i Persons who ascend to the summits of very high mountains, 

experienced la or who rise to a great elevation in a balloon, have experienced 
dCT^Sia?*** the most intense suffering from a diminution of the atmos- 
pheric pressure. The air contained in the vessels of the body, 
being relieved in a degree of the external pressure, expands, causing intense 
pain in the eyes and ears, and the minute veins of the body to swell and 
open. Travelers, in ascending the high mountains of South America, have 
noticed the blood to gush from the pores of the body, and the skin in many 
places to crack and burst. 

t to th ^® become painfully sensible of the effect of withdrawmg 

principle of the external pressure of the atmosphere from a portion of the 
" capping r* gi^jjj Qf ^Q ^Qjjy jQ ^Q operation of cupping. This is effected 
in the following manner : a vessel with an open mouth is connected with a 
pump, or apparatus for exhausting the air. The mouth of the vessel is ap- 
plied in air-tight contact with the skin ; and by working the pump a part of 
the air is withdrawn from the vessel, and consequently the skin within the 
vessel is reheved from its pressure. All other parts of the body being still 
subjected to the atmospheric pressure, and the elastic force of the fluids con- 
tained in the body having an equal -degree of tension, that part of the skin 
which is thus relieved from the pressure swells out, and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the lips be applied to the back of the hand, and the breath drawn in so 
as to produce a partial vacuum in the mouth, the skin will be drawn, or sucked 
in — ^not from any force resident in the lips or the mouth drawing the skin in, 
but from the fact that the usual external pressure of air is removed, and the 
pressure from within the skin is allowed to prevail. 

..^ , , The sense of oppression and lassitude experienced in sumr 
ten feel op- mer previous to a storm, is caused by vr ira. 

Vs^L^^^ a diminished pressure of the atmosphere. ^^* 

The external air, in such instances, be- 
comes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
suffocating feeling. 

« _.^ .^ 387. The direct effects of atmospheric 

Describe the . .„ . ^ j v 

common rack- pressure may be illustrated by many 

**■• practical experiments. If a piece of 

moist leather, called a sucker. Fig. 164, be placed in 
dose contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone, or metal, may be raised 
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by it The effect of the sucker arises from the exdnsion of the air between 
the leather and the surface of the stone. The weight of the atmosphere 
pi«8se8 their surfaces tc^ther with a force amountmg to 15 pounds on every 
square inch of the surface of contact. If the sucker could act with fuH 
effect, a disc an inch square would support a weight of 15 pounds ; two 
square inches, 30 pounds, eta The practical effect, however, of the sucker 
is much lessL 

388. The power of flies and other small insects to walk on 
- vlndpie are ceilings, and surfaces presented downward, or upon smooth 
iik*"**^**1£ panes of glass, in opposition to the gravity of their bodies, is 
ceOing^ «fee. f generally reiered to a sucker-like action of the palms of their 

feet Recent investigations have, however, proved, that the effect is rather 
due to the mechanical action of certain minute hairs growing upon the feet, 
which are tubular and excrete a sticky liquid. 

EzDUin fhe ^^^' ^^ *^ purpose of exhibiting the effects produced by 

principle and the atmosphere in different conditions, and for various practi- 
Se^yhffSffSng ^ purposes, instruments have been contrived by which air 
■yringeandair- may be removed from the interior of a vessel, or condensed 
pamp? ^^ ^ small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instruments 
known as the exhausting syringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally f*ic^. ig5. 
of metal, B C, Fig. 165, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This cylinder 
communicates by a screw and pipe at the bottom, with any ves- 
sel, generally called a receiver, from which it is desirable to with- 
draw the air. The piston has a valve at £, opening upward, 
and at the bottom of the cylinder another valve precisely similar 
is placed, which also opens upward, shown at A. Suppose 
now the piston to be at the bottom of the cylinder and the re- 
ceiver to be in proper connection — ^upon raising the piston by 
the handle, D, a vacuum is made in the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
the bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve £ opening upward permits the air to pass 
tlirough, and the valve A at the bottom of the cyKnder closing, j 
prevents it froci passing back into the receiver. Upon again ' fk 
raising the piston, a further portion of air expanding from the 
receiver, enters the interior of the S3rringe, and upon depressing the piston, 
passes out through its valve. It is evident that this operation may be con- 
tinued as long as the air within the receiver has elasticity BuflBcient to force 
open the valves. 

The process of removing air flrom a vessel, or receiver, by means of the ex- 
hausting syringe is slow and tedious, and more powerful instruments, known 
as air-pumps, are generally employed for this purpose. The modem form 
of Qonstructing the air-pump is represented by F^. 166. The principle of ita 
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eonstniction is the same as fte. 1€6L 

that of the exhausting sp- 
ringe, the piston being work- 
ed by a lever or handle, as in 
the common pamp, the valves 
opening and closing with 
great nicety and perfection. 

«ru * . *v 381. When 

Whmt is the 

eonstraetioa of the density 
^^"r^ of the air i. 
required to 
be increased, the condensing 
syringe, the converse of tho 
exnausting syringe, is emr 
ployed. It consists merely 
of an exhausting syringe, or 
air-pump, reversed, its valves 
being so arranged as to force 
air into a chamber, instead of 
drawing it out For this 
purpose, the valves open 
inward in respect to the mterior of ihe cj^aSia, idiOe in the 
syringe and air-pump^ they open ootwanL 

382. That the air m the mside of 
vessels is the force wliicfa resistB and 
oonnterbalances the great preasare 
of the external atmosphere^ may be 
proved by the following experiment: 
A strong glass vessel. Fig. 167, is provided, open 
both at top and bottom, and having a diameter of 
four or five inches. Upon one end is tied a bladder, 
so as to be completely air-tight^ while the other end is 
placed upon the plate of an air-pump. Upon exhaust- 
ing the air firom beneath the bladder, it will be forced 
inward by the pressure of the air outside, and when the 
exhaustion has been carried to sudi an extent that the 
strength of the bladder is less than this pressure^ it will 
burst with a loud report 

What is the ^^^' '^^ ah" pump was mvented, in 
experiment of the year 1854, by Otto Guericke, a Ger- 
H^iJl^to^? man, and at a great pubUc exhibition Of 
its powers, made in the presence of the 
emperor of Germany, the celebrated experiment- known 
as the " Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called from the city where 
Guericke resided, consist of two hollow hemispheres of 

8* 
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brass, Fig. 168, which fit together wr-tight By exhausting the air in their 
interior, by means of the air-pump, and a stop-cock arrangement affixed to 
one of the hemispheres, it will be foand that they can not be pulled apart 
without the exertion of a very great force, since they will be pressed to- 
gether with a force pf 15 pounds for every square inch of their surface. 
In the exhibition above referred to, given of these hemispheres by Guericke^ 
the surfeces of a pair constructed by him were so large, that thirty horees, 
fifteen upon a side, were unable to pull them apart By admitting the air 
agam to their interior, the Magdeburg hemispheres fall apart by their own 
weight 

Another interesting example of atmospheric pressure is, 
to fill a wine-glass, or tumbler with water to the brim, 
and, having placed a card over the mouth, to invert it 
cautiously. If the card be kept in a horizontal position, 
the water mil be supported in the glass by the pressure 
of the air against the surface of tlie card. (See Fig. 169.) 
384. In a like manner, if we take a 
jar, and having filled it with water, in- 
vert it in a reservoir or trough, as is rep- 
resented in Fig. 170, it will continue to be 

completely filled with water, the li- 
quid being sustained in it by the pres- 
sure of the atmosphere upon the water 
in the vessel Such an arrangement 
enables the chemist to collect and pre- 
serve the various gases without admix- 
ture with air; for if a pipe or tube 
through which a gas is passing be 
depress3d beneath the mouth of the 
jar, so that the bubbles may rise into 
it, they will displace the water, and be 
collected in the upper part of the jar, 
fi'ee of all admixture. 

The gasometers, or large cylindrical 
vessels in which gas is collected in 
gas-works for general distribution, are 
constructed on this principle. They 
consist, as is shown in Fig. 171, of a 
large cylindrical reservoir suspended with its mouth downward, and plunged 
in a cistern of water of somewhat greater diameter. A pipe which leads 
from the gas-works is carried through the water, and turned upward, so as to 
enter the mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, filling the upper part of it, and pressing down the water- 
Another pipe, descending from the gasometer through the water, is continued 
to the service pipes, which supply the gas. The gasometer is balanced by 
counter weights supported by chains, which pass over pulleys, and just such 
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a preponderance is allowe<\ lo it as is sufficient to g:ive the gas contained in 
it the compression necessary to drive it through the pipes to the remotest part 
of the district to be illuminated. 

Fia. in. 




Why will not 
• liquid flow 
from a tight 
cask with only 
one opening? 



385. A liquid will not flow continuously from a tight cask 
after it has been tapped or pierced, unless another opening 
is made as a vent-hole, in the upper part of the cask. Tho 
cask being air-tight, with the exception of a single opening 
the surface of the liquid in the vessel will be excluded from 
the atmospheric pressure, and it can only flow out in virtue of its own 
weight But if the weight of the liquid be less than the force of the air press- 
ing upon the mouth of the opening, the liquid can not flow &om the cask ; the 
moment, however, that the air is enabled to act through the vent-hole in tho 
upper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the openmg by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freely 
from the spout, on account of the atmospheric pressure. This is remedied by 
making a small hole in the lid, which idlows the air to enter from vnthout 
The Pneumatic Ink-stand, de- 
signed to prevent the ink from 
thickening, by the exposure of a 
small surface only to the air, is 
constructed upon the principles 
of atmospheric pressure. It consists of a close 
glass vessel, represented in Fig. 172, from the 
bottom of which a short tube proceeeds, the 
depth of wliich is sufficient for the immersion 
of the pen. By filling the ink-stand in an inclined position, we exclude tho 



What if the 
principle and 
constmction of 
the Pneumatic 
Ink-stand ? 



Fig. 1T2. 
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air in great part from the interior, and on repladng it in an nprigbt position, 
the ink will be prevented from liaing in the small tube and flowing over, on 
aooount of the aunoapheric pressure upon the exposed surface of the ink in 
the small tube, which is much greater than the pressure of the column of 
liquid in the interior of the vessel As the ink in the small tube is consumed 
bj use, its surCioe will gnduailj £edl; a small babble of air will enter and 
rise to the top of the bottle, where it will exert an elastic pressure, which 
caosea the surfiice of the mk in the short tube to rise a little higher, and this 
effect will be repeated until all the ink in the bottle has been used. 

386. The peculiar gurgling noise produced when liquid is 
tl^e ^gSgle ^^^y poured from a botde, is produced by the pressure of the 
vhen « iinaid atmosphere forcing air into the interior of the bottle. In the 
^ffa^M flwt instance, the neck of the bottle is filled with liquid, so as 

to stop the admission of air. When a part has flowed out, 
and an empty space is formed withm the botUe, tlie atmospheric pressure 
larces m a bubble of air through the liquid in the neck, which by rushing 
suddenly into the interior of the bottle, produces the sound. * The bottle will 
continue to gurgle so long as the neck continues to be choked with hquid. 
But as the contents of the bottle are dischaiged, the liquid, in flowing out, 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of air passes in tiirough the upper part. The flow 
being now continued and uninterrupted, no sound takes place. 

387. Water, and most liquids exposed to the air, absorit> a 
''in'water ?^ greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere acting on their sur&ces. 
Boiled water is flat and infupid, because the agency of heat expels the air 
which the water previously contained. Fishes and other marine animals 
could not live in water deprived of air. 

__ ^ The presence of air in water may be shown by placing a 

presence of air tumbler containing this liquid under the receiver of an air^ 
•hown*?" ^® pump, and exhausting the air. The pressure of the air being 
removed from the sur&ce of the water, minute bubbles wiU 
make their appearance in the whole mass of the water, and rising to the sur^ 
lace, escape. 

_. . The reason that certain bottled liquors froth and sparkle 

lYiiy oo some 

bottled liqaida when uncorked and poured into an open vessel is, that when 
froth and spar. ^i^^y. g^ bottled, the air confined under the cork is condensed, 
and exerts upon the surface a pressure greater than that of 
the atmosphere. This has the effect of holding, in combinatkxn with the 
h luor, air or gas, which, under the atmospheric pressure only, would escape. 
If any air or gas rise from the liquor after being bottled, it causes a still greater 
condensation, and an increased pressure above its surface. When the cork 
is drawn from a bottle containing liquor of this kind, the air fixed in the 
liquid, being released from the pressure of the air which was condensed under 
the coric, instantly makes its escape, and rising in bubbles^ produces effervea- 
oence and firoth. 
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It sometimes happens that the united force of the air and gases thns con- 
fined in the bottle, becomes greater than the cohesive strength of the parti- 
cles of matter composing the bottle; the sides of the bottle in sach cases give 
way or burst. 

!rho8e liquors only froth which are Tisdd, glutinous, or thick, like ale, por- 
ter, etc, because they retain the little babbles of air as they rise; while a thih 
liquor, like champagne, which suffers the bubbles to escape readily, sparkles, 
is th ^^^' '^® pressure of the atmosphere is connected with the 

I esiitire of the action of breathing. The air enters the lungs, not because 
ejonectedwith *^®^ ^^^ ^* ^°» ^^* ^^ *^® weight of the atmosphere forcing 
tae act of it into the empty spaces formed by the expansion of the air- 
breafchijigt ^^is of tfie lungs. The air in turn escapes from the lungs by 

means of its elasticity ; tlie lungs, by muscular action, compress the air con- 
tained in them, and give to it by compression a greater elasticity than the air 
without By this excess of elasticity it is propelled, and escapes by the 
mouth and nose. 

389. It has been proposed to take advantage of the pressure 
vToposedT con- ^^ *^® atmosphere for the construction of an atmospheric tele- 
fltruciionofthe graph, or apparatus for conveying the mails and other matter 
JS^^ph"^ over great distances with great rapidity. The plan proposed 
is as follows; — a long metal tube is laid down, the. interior 
surface of which is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet be air-tight. To one side 
of this piston the matter to be moved, made up in the form of a cylindrical 
bundle, is attached. A partial vacuum is then made in the tube before the 
piston, by means of large air-pumps, worked by steam-power, located at the 
furtiier end of the tube, when the pressure of the atmosphere on the other 
side of the piston impels it forward through the whole length of the exhausted 
tube. It has been estunated that a piston, drawing after it a considerable 
weight of matter, could in this way be forced through a tube at the rate of 
600 miles per hour. 

390. The pressure of the atmosphere is taken advantage of in the con- 
struction ora great variety of machines for raising water ; the most important 
and familiar of which is the common, or suction pump. 

DeBcribethe ^he common, or suction pump, consiste 

Sr*^TOmmon ^^ ^ hollow Cylinder, or barrel, open at both 
pump. ends, in which is worked a movable piston, 

which fits the bore of the cylinder exactly, and is air-tight. 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel 
These valves are termed boxes. 

Fig. 173 represents the construction of the common pump. The body con- 
sists of a cylinder, or barrel, 6, the lower part of which, called the suction- 
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pipo, descends into the water which it is designed to 
raise. In the barrel works a piston containing a valvo^ 
|), opening upward. A similar valve, ^, is fixed in the 
boQjr of the pump, at the top of the suction-pipe. S is 
a spout from which the wator raised by the working of 
the piston is discharged. 

The operation of the pump in raising water is as fol- 
lows ;— when the piston is raised from the bottom of the 
cylinder, the air above it is drawn up, leaving a vacuum 
below the piston ; the water in the well then rushes up 
through the valve g, and fills the cylinder ; the piston is 
then forced down, sliutting the valve, ^, and causing tho 
water to rise through the piston-valve, p ; the piston is 
then raised, closing its valve, and raising the water 
above it, which flows out of tho spout, S. 

my does . ^91- ^^^^^ ™®S 1^ a V^^V 

waterriaoina simplv and entirely by tho 

eommoapanipt ^ "^ /% t ' i 

pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up- 
drawn piston. 

Towhatheight 892. The common, or suction pump, can 
i^"the commoS ^^^ ^aiso watcr beyond the point of height at 
pump? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of this does not exceed 34 feet. 

The height to which water is thus forced up in a pump is simply a question 
of balance ; 15 pounds* pressure of the atmosphere can support only 15 pounds' 
weight of water ; and a column of water, one inch square and 34 feet high, 
will weigh 15 pounds. As the pressure of the atmosphere is subject to va- 
riations, and as the mechanism of the pump is never absolutely perfect, tlio 
length of the pipe through which water is to be elevated ought never to 
exceed in practice 30 feet above the level of the water in the well, or reser- 

VOU". 

893. A valve, in general, is a contrivance by 
which water or other fluid, flowing through a 
tube or aperture, is allowed free passage in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 



What is a 
ValveT 
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IlgB. 174, 175, and 176, lepresent tiie Taiioua fixms of Tahras used in 
pomps, water-engines, etc. 

Fio. 174. Fig. 175. Fig. 176. 





Fig. 177. 



394. When it is desired to raise water to a greater height than 34 feet, a 
modification of the paaap, called the forcing-pomp, is employed. 

wh^t to a The Forcing-Pump is an apparatus which 
Fordng-Pumpf yaiscs watCF from a reservoir, on the principle of 
the suction-pump, and then, by the pressure of the piston 
on the water, elevates it to any required height. 

Fig. 177 represents the principle of the constroction 
of the fordng-pump. Thero is no valve in the pis- 
ton c (Fig. 177), but the water raised through the suc- 
tion-pipe a, and the valve g, by the elevation of the 
piston, is forced by each depression of the piston up 
through the pipee e, which is furnished with a valve to 
prevent the return of the liquid. 

The forcing-pump, as constructed in Fig. 177, ejects 
the water only at each stroke of the piston, in the 
manner of a syriuge. When it is desired to make the 
flow of the water continuous 
as in a fire-engiue, an air, 
chamber is added to the 
force-pump, as is represented 
at A, Fig. 178. The water 
then, instead of immediately 

passing oIT through the discharging-pip?, partially 

fills the air vessel, and by the action of the piston 

in the pump, compresses the air contained in it 

The elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 

in the discharge, or force-pipe. When the air in the 

chamber is condensed into half its original bulk, it 

will act upon the surface of the water with double 

the atmospheric pressure, while the water in the 

force-pipe, being subject to only one atmospheric 

pressore, there will be an unrestricted force, press- 
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ing the water up, equal to.ono atmosphere: consequently, a eolumn of wat^ 
will be sustained, or projected to a heig;ht of 34 feet When the air is cosi- 
densed into one third of its bulk, its elastic force will be increased three- 
fold, and it will then not only counterbalance the ordinary atmospherio 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ordinary fire-engine is simply a convo- 
ment arrangement of two forcing-pumps, fUmished with a strong air-chamber, 
and which are worked successively by the elevation and depression of two 
bug levers called brakes. 

What is a 395. The Syphon is an apparatus by whFch 
Byphon? Q^ liquid can be transferred from one vessel to 
another without inverting, or otherwise disturbing the 
position of the vessel from which the liquid is to be re- 
moved. 

In its simplest form, the syphon consists of a bent 
tube, ABC, Fig. 179, having one of its branches 
longer than the other. If we immerse the short arm 
in a vessel of water, and by i^plymg the mouth to 
the long arm, as at C, exhaust the air in the tube, 
the water will be pressed over by atmospheric pres- 
sure, and continue to flow so long as the end of the 
lower arm is below the level of the water in the vessel 
Upon what "^^^ action of the syphon is readily 
principle does explained: the colunm of liquid in 
thesyphonact? ^^ ^^^^^ ^^^ ^^^^ ^^^^ reaching in 

the shorter arm fix>m the top of the curve or bend to tlie surface of the liquid 
in the vessel, have both a tendency to obey the attraction of gravity and iaU 
out of the tube. This tendency is opposed, however, on both sides, by 
atmospheric pressure, acting on one side at the opening G, and upon the 
other upon the surface of the liquid in the vessel, thus proventmg, hi the 
interior of the tube, the formation of a vacuum, which would take place at 
th3 curve, if the two colunms ran down on both sides. But the column 
on one side being longer than upon the other, the weight of the long 
column overbalances the short one, and determines the duroction of the 
flow; and in proportion as the liquid escapes from the long arm, a tredi 
portion is forced into the short arm on the other side by the pressure of 
the air. The sjrphon is, therefore, kept full by the pressure of the atmos- 
phere, and kept running by the irregi^arity of the lengths of the columns in 
its branches. 

A suction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Fig. 180. By this means we may fill 
t'.ie whole syphon without the liquid entering the mouth, by sucking at 
the end of the suction-tube, and temporarily closing the end of the longer 
arm. 

In order that the discfaaige of a liquid by means of the syphon should be 
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perfectlj constant, it is nee- Fio. 180. 
essaiy that the difference ^^^^^ 
of lengths of the columns of /' i 
liquid in both branches 
should be immoyable. 
This may be effected by 
connecting the syphon with 
a float and pulley, as is 
Tcpresented in Fig. 181. 

Ezplaia tbe 

phenomeoon OQS pheno- 

ofintemiittlxig menon of 



Fra. 18L 




Fio. 182. 



intennitting 
springs may be explained 
upon the principle of the 
syphon. These springs ran 
for a time and then stop ^ ^ 
altogether, and after a time f 
run agsdn, and then stop, fr 
If we suppose a reservoir vj: 
in the interior of a hill or 
mountain, with a syphon- 
like channel running from it, as 
in Fig. 182, then as soon as the 
water collecting in the reservoir 
rises to the height shown by the 
dotted line, the stream will be- 
gin to flow, and continue flow- 
ing till the reservoir is nearly 
emptied. Agam, after an in- 
terval long enough to fill the 
reservoir to the required heigh^ 
it will again flow, and so on. 

When win ft 8^6' If a soKd Bubstance have the same 
ISSmd'lS°*£ density as atmospheric air, it will, when im- 
the idrf mersed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 
be placed. 

When win ft ^^^' If ^ "so^^'d body, bulk for bulk, be lighter 
toelir'?** ^ *^^^ atmospheric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 
the same principle as a cork rises from the bottom of a 
vessel of water. (See § 85.) 
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As the density of the air continually diminishes as we 
wUianM^! ascend trom the surface of the eartli, it is evident that such 
Ing body re- a body, as it goes up, will finally attain a heighc where the air 
main station- ^.^ ^^^^ ^^^ ^^^^ density as itself and at such a point the 
body will remain stationary. Upon this principle douds, at 
different times, float at different degrees of elevation. 

It is also upon these principles that aerostation, or the art of navigating the 
air, depends. 

What are Bai- 898. Balloons are machines which ascend 
loons? through the atmosphere, and float at a certaia 
height, in virtue of being filled with a gas or air lighter 
than the same bulk of atmospheric air. 
_ ^ Balloons are of two kinds. Montgolfier. 

What are the /» -i • -i -ii i tx 

two varieties or rarefied air Dalloons, and Hydrogen gas 
balloons. The first are filled with common 
air rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter thaa 
air. 

D scribe tb '^^ rarefied air-balloon waa invented hj Montgolfier, a 

Montgoifier, or French gentleman, in 1782, who first filled a paper bag with 
tooaf^^"*'^' Ideated air, and allowed it to pass up a chimney. He after- 
ward constructed balloons of silk, of a spherical shape, with 
an aperture formed in the lower surface. Beneath this opening a light wiro 
basket was suspended, containmg burnuig material. The hot air arising from 
the burning substances, enters the aperture, and rendering the balloon specific- 
ally lighter than the air, causes it to ascend with considerable velocity. 
Small balloons of a similar character are frequently made at the present day 
of paper, the air within them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire bsneath the mouth, and ignited. 
Describe the "^^^^ hydrogen gas balloon consists of a light silken bag, 
hydrogea gas filled either with hydrogen, or common illuminating gas. The 
baUoon. differenccJ between the specific weight of either of these gases 

and common ak is so great, that a large balloon filled with them possesses 
ascensional power sufficient to rise to great heights, carrying with it consid- 
erable additional weight The aeronaut can descend by allowing the gas to 
escape by means of a valve, thereby diminishing the bulk of the balloon. To 
enable him to rise again, ballast is provided, generally consisting of bags of 
sand, by throwuig out which, the balloon is lightened, and accordingly 
ris3s. 

By means of one of these machines Gay Lussac, an eminent French chem- 
ist, ascended in 1804, for the purpose of making meteorological observationfl^ 
to the great height of 23,000 feet 
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DotheuwBof 399. Air obeys .the laws of motion which 

mo^a apply ^^^0 commoii to all othcr material and ponder- 
able substaDces. 

Hoiristhemo- ^00. The momcntum of air, or the amount 

SStef?*^ of furce which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 

way as in the case of solids, viz., by multiplying its weight 

by its velocity. 

__ ^ _ The momentum of air is usefully employed as a mecliauical 

What are fllaft- . , f,, , 

tntions of the agent m mipartmg motion to wmd-mills and to ships. Its 

momentum of j^^g^ striking effects are seen in the force of wind, which oo 

casionally, in hurricanes and tornadoes, acts with fearful 
power, prostrating trees and buildings. Such results are caused by the mo- 
mentum of the air being greater than thd force by which a building, or a tree 
is fastened to the earth. 

—^^. 401. Any force acting suddenly upon the air from a center, 

the lings of imparts to it a rotary movement. A very beautiful illustra- 
emoke o*>"gJ^- tion of this is seen in the rings of smoke which are produced 
and in the dis- by the mouth of a skilfbl tobacco-smoker, and frequently also 
nou?* ^ *^*°" ^P°° * ™^°^ larger scale by the discharge of cannon, on a 

stiU day. In these cases a portion 
of air acted upon suddenly from a center is caused ^^^' ^°^' 

to rotate, and the particles of smoke render the mo- <"r?^T^yif W^'^^ 
tion visible. The whole circumference of each (jl^j ^ ^^?J 

clrde is in a state of rapid rotation, as is shown by ^G^/^ f'^T^' 
the arrows m Fig. 183. The rapid rotation in ^\.</> 

short, confines the smoke within the narrow limits of a circle, and causes the 
rings to be well defined. 

PRACTICAL PROBLEMS IN PNEUMATICS. 

1. If 100 eabie Inches of air weigh 81 grains, irhat will be the ireigfatof one enbic foot ? 

2. If the pressure of the atmosphere be 15 pounds unon a square inch, what pressure 
will the body of an animal sustain, whose superfidU surface is forty square feet ? 

3 When the elevation of the mercury in the barometer Is 23 inches, what will be the 
height of a eoiumn of ivuter supported by the pressure of the atmosphere ? 

Solution: Column of merenry snnported by the atmosphere — 28 inches. Mercury 
bei-i? ^^ times heavier than water, the column of water supported by the atmosphere — 
13^x28=31 feet 

4 When the elevation of the merenry in the barometer is 80 inches, what will be the 
height of a column of water supported by the atmosphere ? 

6. To what height mny water be raised by a common pump, at a place where the ba- 
rometer stands at '24 inches? 

6 If a cubic inch of air wei.^hs .80 of a grain, what weight of air will a Teasel whose 
capacity is 60 cubic inches, contain ? 



What It tha 



AcooHtiflS? 



CHAPTER XI. 

ACOUSTICa 

402. Acoustics is that department of phys- 
©f™" ical science which treats of the nature, phe- 
nomena^ and laws of sound. It also includes 
the theory of musical concord or harmony. 

whmtta Sound? ^^^' ^^^^^ ^ *^® scnsation produced on the 
organs of hearing, when any sudden shock or 
impulse, causing vibrations, is given to the air, or any 
other body, which is in contact^ directly or indirectly, with 
the ear. 

Under wi»t dr. 404 Whcu au clastic body is disturbed at 
?ibJI!to?^ove- *^y point, its particles execute a series of vi- 
mentsariier bratory movements, and gradually return to a 
position of rest. 

Thos when a glass tumbler is etnick hj a hard body, a tremulouB agitation 
is transmitted to its entire mass, which movement gradnaUy diminishes m 
force until it finally ceases. Such movements in matter are termed yibrft- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratoiy moyements may be illustrated by noticing 
the visible motions which occur on striking or twitching a tightly extended 
cord, or wire. Suppose such a cord, repre- yjq. 184. 

sented by the central line in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
reached the central pointy it would have ac- 
quired so much momentum as would cause 
it to pass onward to a; thence it would vi- 
brate back in the same manner to B, and back again to &, the extent of its 
vibration being gradually diminished by the resistance of the air, so that it 
would at length return to a state of rest 

Describe the In vibratory movements of this kind all the separate par- 
nature ofasta- tides come into motion at the same time, simultaneously pass 
tfonf'^ the pomt of equilibrium, or rest, simultaneously reach the 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefore called stationary, or fixed vibrations 
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Hdv may the 

■ound'vibra- 
tlons in solid 
bodies be reo- 
deredTiaiblat 



DsMrtbA fhe ^ however, the motions of the Tibratiiig body are of sach a 
nature of a character that the agitation proceeds from one particle to an* 
EStioa**^^^' *^*her, so that each makes the same Yibration, or oecOlation, 
as the preceding one, with the sole exception of the motion 
beginning later, we have what is called progressive vibrations. Thus if we 
fasten a cord at one end, and move the other end up and down, a wave, or 
progressive vibration, is produced. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term un* 
dulatory, or wave movement, has been adopted in general to express the 
phenomena of vibrationa 

405. Daily experience teaches us that ahnost every motion of bodies in our 
vicinity is accompanied by a noise perceptible to our ears. All such sounds 
are the result of the vibrations of a portion of matter, and the nature of the tone^ 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound- vibrations in solid bodies may be rendered vis- 
ible by many simple contrivances. If we attach a ball by 
means of a string to a bell, and strike the beU, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is pressed 
firmly agamst the bell, the sound is stopped, because the vibrations are in- 
terrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward the center of the glass. 

When a tuning-fork is struck and made to sound, its vibrations Fio. 185. 
are clearly visible, both branches alternately approaching and re- 
recedlng from each other, as is represented in Fig. 185. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the sur&oe of the mercury will exhibit 
little undulations or wavea 

Hinr are tta "^^ ™^* interesting method of exhibiting the 

■o-caiiedaeoas- character of sound is by means of the so-called 
dS<»d?'^ P"*" "acoustic figures," which may be produced in the 
following manner: — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
firmly by means of a pair of pincers, draw a violin bow down the edge; the 
sand is put in motion, and finally arranges itself along those parts of the surface 

which have the least vi- 
Fia. 186. bratory motion. By chang- 

ing the point by which 
the plate is held, or by 
varying the parts to which 
the violin bow is applied, 
the sand may be made to 
Assume various interesting figures, as is represented in Fig. 186. 
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What It fha ^'^' '^^ ^® *^® usual medium through which 
QsiMi niediam Bouiid is coiivcyed to the ear. The vibrating 
■onndtoprojM. bodj imparts to the air in contact with it aa 
unduktory, or wave-like movement^ which, 
propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

wh»t are toil. 408. Vibrating bodies which are capable of 
o/oiubodidar ^jjyg imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The aeiUl vibratiuaa, or uodulatioos thus caused, propagate themselves 
from the center of disturbance in concentric circles, in the same vay that 
waves spread out upon the smooth surface of water. If such waves of watar, 
propagated from a center, encounter any obstruction, as a floating body, fhey 
will bend theur course round the sides of the obstacle, and spread out obliquely 
beyond it ^ So the undulations of air, if interrupted in their progress by a 
high wall or other similar impediment, will be oontmued over its summit and 
propagatdd on the opposite side of it. 

In a sound-wave or undulation of the air, as in a wave of water, there is 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each particle^ 
like a pandulum which has baen made to oscillate, recovers at length its 
original position. 

This motion may be best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows; but this appearance of 
an objsct moving is only delusive. The only real motion is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itself This motion affects successively a line cf ears in the direction of the 
wind, and affects simultaneously all the ears of which the elevation or de- 
pression forms one visible wave. The elevations and depressions are propa- 
gated in a constant durection, while the parts with which the space is filled 
only vibrato to and fro. Of exactly such a nature is the propagation of sound 
tlirough au*. 

Under what ^^^' ^^ °^ substaucc intervenes between the 
JhouiTw?^ vibrating body and the organs of hearing, no 
iSundV^"' sensation of sound can be produced. 

This is readily proved by placing a bell, rung by the action 
of dock-work, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, althou;;h the striking of the tongue upon the 
bell, and the vibration of the boU itself; are visible. Now, if a little air bo 
admitted into the receiver, a faint sound will begin to be heard, and this 
sound wi^l become gradii^y louder hi proportion as the air is gradually read- 
mitted, until the air within the receiver is in the same condition aa that withool. 
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Sonnd, therelbie, cannot be propagated tbraogii a yacamn. 

'*The loudest sound on earth, therefore, cannot penetrate beyond the 
limits of <Air atmosphere; and in the same manner, not the fiiintest sound 
can reach onr earth from any of the other planets. Thos the most fearful 
ezplosicma mig^t take place in the moon, without our hearing anything of 
them." 

How does the ^l^. The powcF of air to transmit sound 
i"^T*^idJ varies with its uniformity, its density, and its 
^^' humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, afiects 
the transmission of sounds. When a strong wind blows from the hearer to- 
ward a sounding body, a sound often ceases to be heard which would bo 
audiblo in a calm. Falhng rain, or snow, interferes with tho undulations of 
sound-waves, and obstructs the transmission of sound. 

The fact that we hear sounds with greater distinctness by 
h2J ^ands ^S^^ t^^^n by day, may be, in part, accounted for by the cir- 
moredistincfij cumstance, that the different layers or strata of the atmoephcro 
hy S$1^ ^ ^^ ^^^ liable to variations in density and to currents, caused 

by changes of temperature, at night than by day. The air at 
night is also more stiU, from the suspension of business and hum of men. 
Many sounds become perceptible during the night, which during the day arc 
completely stifled, before they reach the ear, by the din and discordant noises 
of labor, business, and pleasure. 

Sound of any kind is transmitted to a greater distance in cold and clear 
weather than in warm weather, tho density of air being increased by cold 
and diminshed by heat 

On the top of high mountains, where the aur is greatly raro- 
SrtniHonB of ^®^' *^® Bound of the human voice can be heard for a short 
tbe ▼.Tristion distance only ; and on the top of Mont Blanc, the explosion 
rf^^Bound ia ^^ ^ pj^^ appeals no louder than that of a small cracker. 

When persons descend to any considerable depth in a diving- 
bell, the air around them is compressed by tlie weight of a considerable column 
of water above them. In such circumstances, a whisper is almost as loud as a 
shout in the open au*; and when one speaks with ordmary force it produces 
an effect so loud as to be painful. 

Is air neoe^ 411. Air IS HOt necessary to the production 
"Suction *f of sound, although most sounds are transmitted 
loandf Y)y its vibrations. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to produce, but also to transmit sounds, 
wbatsabstan. 412. Souud is communicatcd more rapidly 
«j^coinmu«u ^^^^j jj^^yg jigtiQctly through solid bodies than 
nuMtrMdflyr through either liquids or gases. It is tran*- 
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mitted by water near four times more rapidly than by air^ 
and by solids about twice as rapidly as by water. 

If we strike two stones together under water, the soand will be as load as 
if they had been struck in the air. 

When a stick is held between the teeth at one extremity, and the other is 
placed in contact with a table, the scratch of a pin on the table may be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts sound, so as to render it sensible to the ear, when 
the air &ils to do so. It is well known that the approach of a troop of horse 
can be heard at a distance by putting the ear to the ground, and savages 
practice this method of ascertaining the approach of persons from a great dis- 
tance. 

The principle that solids transmit sounds more perfectly than air, has been 
applied to the construction of an instrument called the ** stethoscope." 

The stethoscope consists of a hollow cylinder of wood, some- 
Stethoscope, what resembling in form a small trumpet. The wide mouth 
is applied firmly to the breast, and the other is held to the ear 
of the medical examiner, who is thus enabled to hear distinctly the action of 
the organs of respiration, and judge whether they are in a healthy oonditioo, 
or the reverse. 

How Is the In- 413, Souod decreases in intensity from the 
ilffwted^brSS^ center where it originates, according to the 
**°<»' same law by which the attraction of gravita- 

tion varies, viz., inversely as the Square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
so on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, interfere with the wave movements, or undulations. By 
confining the sound undulations in tubes^ which prevent their spreaduig, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- 
vantage of in the con^aruction of speaking-trumpets. 

Sounds can generally be heard, eE^iedally on a calm day, at 
^^Amwe^ a jgreater distance upon water than upon land. The plane 
tiacay npon surface of water, as a smooth wall, prevents the lateral spread- 
uSd? ^ ^ iug and disperaon of the sound-waves, although on only one 
side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more umfimn thaa 
over the land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmission of sound firom one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavings, or any 
porous substances. The number cf media through which the sound must 
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pMi is Urns gretily incretsed, and every change of me&m diminoiiflB ti» 
otreogth of aoond-wsveflL 

,^^^1^^ 414 The velocity of the soand undulations 

««^j^j27" ^8 uniform, passing over equal intervals in 
equal times. 

Tbe softest wfaiaper, therefore^ flies as &si as the kmdest thunder. 

415. Sounds of every kind travel, when the 

ite^f temperature is at 62^ Fahrenheit's thermom* 

eter, at a rate of 1,120 feet per second, or 

about 13 miles per minute, or 765 miles per hour. The 

vdocity of sound increases or diminishes at the rate of 18 

inches for every variation of a degree in temperature above 

or bdow the temperature of 62° Fahrenheit 

Wky^dewesM When a gun is fired at some distanoa wa see the flash a 

ibe fiMh «r a considerable time before we hear tbe report, for tbe reason 

Ctf tt^^^Xtr ^^ %^^ travels much &ster than sound. Light would go 

round the eaiih 480 times while sound was traveling 13 mOes. 

A knowiodge of these circumstances is taken advantage of for the measure- 

t of distances. 

Thus, suppose a flash of lightning to be perceived, and on 
counting the seconds that elapse before the Uiuodcr is heard, 
we find them to amount to 20; then as sound moves 1,120 
feet in « second, it will ^ow that the thunder-cloud must be 
distant 1,120X20=22,400 feet 
When a long column of soldiers are marching to a measure beaten on the 
drums which precede them, we may observe an nndulatory motion transmit- 
ted from the drummers through the whole column, those in the rear stepping 
a Kttile later than those which precede them. The reason of this is, that each 
rmk steps, not when the sound is actually made, but when in its progress 
down the column at tbe rate of 1,120 feet m a second of time, it reaches their 
ears. Those who are near the music hear it first, while those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explal«i the ^^^ If two waves of water, advancing (torn oppoate direc- 

ttlTMSf^m tions, meet in such a way that their points of elevation coin- 
oramin4. cide, a wave of double the height of the nng^e one will be 

formed at the point of interception ; or if two wave depressions on the sur- 
&ce of water meet, a depression of double depth will be produced. 11^ how- 
ever, the two waves come into contact in snc^ a manner that an elevation of 
one wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
two series of sound undulations, propagated from different sounding bodies, 
intersect each other, a like phenomena of Interference is produced— the two 
undolatiotis destroy each otiier, and silence is produced. 
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IlQ. 187. Let a J and c d, Fig. 187, repreaent two' se- 

ries of soand undulations, advandng in such 
a manner aa to cause the elevation of one at e 
to correspond with the depression of the other 
at/; then if both are equal in intensity, thej 
will neutralize each other, and an instant of si- 
lence will be produced. This fact may be very 
prettily illustrated by holding a common tuning- 
fork, after it has been put in yS^ration, oyer the 
mouth of a cjlindrical glass vessel, as A, Fig. 188. The air contained withm 
Fig. 188. ^^® vessel will assume sonorous vibrations, and a 

tone will be produoeid. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the mu s i cal tone previoady heard will cease ; 
but if either cylinder be removed, the sound will 
be renewed again in the other. In this curious 
experiment, the sQence arises from the interierence 
of the two sounds. 
Another example of this phenomena may be 
produced by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of mteiferenoo 
of the two systems of undulations propagated from the two branches, or 
prongs of the fork. 

rponwhatdoes ^^*^' The loudiiess of a sound, or its degree 
of intensity, depends on the force with which 
the vibrations of a sounding body are made. 

SECTION I. 

IfUSIOAL SOUNDS. 

418. All vibrations of sonorous bodies which 
•icaiioandsf ^^ uniform, regular, and suflficiently rapid, 
produce agreeable, or musical sounds, 
whatiathedif- 419* What coustitutcs the particular differ- 
•muricafMiSd ®Q<5e between a noise and a musical sound is 
aadasc^? not Certainly known. A noise, however, is 
supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all exactly similar in doratioa 
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and intensity^ and mast recur after exactly equal inter^ 
vals of time. 

^what is meant 420. If the Bouud impulses he repeated at 
^^*lSuiid'f '^^^y ^^^OTt intervals, the ear is unahle to at- 
tend to them individufilly, but hears them as 
a continued sound, which is uniform, or has what is called 
a tone or pitch, if the impulses be similar and at equal 
iutervals. 

,^^ 421. The. nature of mu^calsoanda, and indeed of all Bounds, 

mentiUiiSntes may be illustrated by tiie following experiment: If we take 
*'ttriod'^***df * **^ elastic plate of metal, a few inches in length, finnly 
fixed at one end, and free at the other, and cause it to 
vibrate, it will be found to emit a dear, musical sound, havmg a certain 
tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 
characters, until finally the vibrations become so slow that the eye can fisllow 
them without difficulty, and all sound ceases. 

422. When the impulses, or vibrations, are few in number 

grava or sharp f in a given time, the tone is said to be grave; when they are 

many, the tone is said to be sharp. Musical sounds are spoken 

of as notes, or as high and low. Of two notes, the higher is that which arises 

from- more rapid, and the lower fi:om slower vibrations. 

Beside this, sounds differ in thehr quality. The same musical note, pro- 
duced with the same degree of loudness, and by the same number of vibra- 
tions in the flute^ the clarionet, the piano, and the human voice, is in each 
histauce peculiar and wholly different. Why this is we are unable to say. 
The French call this property, by which one sound is distinguished firom an- 
other, the timbre. 

To produce any sound whatever it is necessary that a cer- 
limit to the tain number of vibrations should be made in a certain time. 
bmSoiiireaal- ^^*^® number produced in a second taHa below a certain rate, 
aite to produce no sound sensation will be made upon the ear. It is believed 
** that the ear can distinguish a sound caused by fifteen vibra- 

tions in a second, and can also continue to hear though the number reaches 
48,000 per second. Trained and sensitive eara are said to be able to exceed 
these limits. 

When are tiro 428. Two musical uotes are said to be in 
£°i2Siaf®*^ unison when the vibrations which cause them 

are performed in equal times. 
What is an 424. When oue uotc makes twice the uumber 

of vibrations in a given time that another makes, 
it is said to be its octave. The relation, or interval which 
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exists l>etweeb two sounds, is the prbportioa between 
their respective numbers of vibrations. 
What is a ' ^^* -^ Combination of harmonious sounds 
thord, ekcf jg termed a musical chord; a succession of har« 
tnonious notes, a melod j; and a succession of chords, har- 
mony. 

A melodj ca& b9 performed, or execnted^l^ a Bingle race; a harmony 
requires tiro or more voices at the same time. 

Detneeonootd 426. When two toues, or notes, sounded to- 
Md diaeord. gethor prodttce an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

Explain irhat ^^^' Suppose we have a stretched string, as a wire or a 
U meant bf the piece of cat^t, such as is used for stringed instruments: now 
5ma«i^'^"^* the number of vibrations which such a cord wilj make in a 
given time, are inversely as its length; that is, if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length three> 
fourths, it will make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
this is struck It will vibrate a certain number of times in a second, and give 
what is called a key-note. Reduce the string one half, smd we have the oo- 
tave of that note. But between the key-note and its octave there is a natu- 
ral gradation by mtervals in the pitch of the tone, which heard in succession 
are harmonious, the octave, as its name unplies, being the eighth pitch of 
tone, or eighth successive note ascending fh)m the key-note. 

These eight notes, or intervals in the pitch of tone between the key-nota 
and its octave, constitute what is called the gamut, or diatonic scale of muac^ 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distinguished both by letters and names. They are : 
0, D, B, F, G, A, B, C; 
Or — do, re, me, &» sol, la, si, do, 
^ . They may also be distinguished by numbers indicating the 

notes of the length of the strmgs and the number of vibrations required 
acale indicated? ^ produce them. Thus, the length of the string ppodnmng 
the primary, or key-note, being 32 inches, the lengths of the strings to produae 
the tones in the entire scale are — 

32, 30, 27, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations per second necessaij 
to produce the first note in the sdale, Q wer agree to fepresent it t)y imil^^ 
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or 1 ; then the ntimben necessaiy to piodaoo the other seven notes of tho 
octave will be as follows: 

Name of note ..... 0, D, E, P, G, A, B, 0. 

Number of vibrations . 1, J, *, J, f, |, \f,2. 

Howev^ tar this musical scale may be extended, it will still be found but 

a repetition of similar octaves. The vibrations of a column of air in a pipe 

may be regarded as obeying the same general laws ; notes are naturally higher 

in proportion to the shortness of the pipes. 

The same note produced on any muacal instrument Is due 
note in any in- to the same number of vibrations per second. Thus^ a note 
?'Sd**in ^S" produced by a string of a piano vibrating 256 times in a seo- 
nme manner? ond, is also produced in the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibrating the same number of times in a second. 

It has been already stated that the number of vibrations of a cord are in- 
versely as its length ; the number also increases as the square root of the 
force which stretches it Thus an octave is given by the same length of string 
when stretched four times as strongly. 

SECTION II. 

BEFLEGTION OF SOUND. 
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428. When waves of sound strike ai^inst 
Sn^iiSJd? *"*y ^^®^ surface tolerably smooth, they are 
reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov 
ems the reflection of all elastic bodies, and also, as will be shown hereafter, 
the unponderable agents, heat and light 

What to an ^29. An EcHO is a repetition of sound caused 
^^*^' by the reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 
Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound wou'd be heard first by means of the sonorous undulations which 
produced it^ proceeding directly and uninterruptedly from the Fonorous body 
to the hearer, and afterward by sonorous undulations which, after striking on 
reflecting surfaces, return to the ear. These last constitute an echo. 

In order to produce an echo, it is requisite that the reflecting body should 
be litaated at such a distanoe from the source of sound, that the interval be*. 
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tween the peroeptioQ of the original and reflected soonda maj be soflSeient to 
prevent them from being blended together. 

Wnen tho onginal and reliected soonds are blended together, the effect 
prodacod U called a resouanoe, and not an echa 

Thua, the walls of a rooji of ordinary size du not produce an echo^ because 
tho rejecting surface is so near the sourod of sound chat the echo is blended 
with the orip:iaaI sound ; and the two produce but one impression on the ear. 

Large haUa, spacious churches, etc^ on the contrary, often reverberate or re- 
p3at the voice of a speaker, because the walls are so far ofif from the speaker, 
that tlie edio doss not get back in time to blend with the original sound ; 
and therefore each is heard separately. 

The shortest interval sufficient to render sounds distinctly appreciable by^ 
the ear, is about l-9th of a second ; therefore when sounds follow at shorter 
intervals, th3y will form a resonance instead of an echo ; so that no reflecting 
surfioe will produce a distinct echo, unless its distance from the spot where 
the sound proceeds b at leadt 62^ feet ; as the sound will in its progress in 
passing to and from the reflectmg sur&oe, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passing over 62^X2=125 feet 

When is ra ^^* Where separate surfaces are so situ- 
e^^ muia. ated that they receive and reflect the sound 
from one to the oth» in succession, multiplied 
echoes are heard. 



Fig. 189. 



An echo in a build- 
ing near Milan, Italy, 
repeats a loud sound 3^ 
times audibly. A river 
bounded by perpen- 
dicular walls of rodE, 
where the sound is re- 
flected backward and 
forward over the sur- 
face of still water, is a 
favorable situation for 
the production of re- 
peated echoes, ilg: 
189 represents the 
manner in which the 
sounds rebound, in such 
situations, as at 1, 2, 3, 4, from side to sida 

It is not necessary that the sur£ice producinsr an echo 
should be either hard or polished. It is often observed at 
83a that an echo proceeds from the surface of clouds. An 
echo at sea, however, or on an extensive plane, is heard but 
rarely, there being no surfaces to reflect sound. To insure a 
perfect eoho^ the reflecting sur&oe must be tolerably smooth, and of flonm 
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regular fimn. An irregular sttr&ce must break the edxo ; and if tbe irvQga- 
laiity be very ooosiderable, there caa be no distinct or audible reflectioa at 
alL For this reason an echo is much leas perfect fi-om the front of a hous^ 
vhich has wmdows and doors, than fixim the plane end, or any plane wall of 
the same magnitude. 

BotrisMrand 431. If the surface upon which the soundr 
JS^d* ^SSi waves strike be concave, it may concentrate 
^^^^ sound, and reflect all that falls upon it to a 

point at some distance from the surface, called the focus. 

Thus, in Fig. 190, if the sound waves 
proceeding in right lines from the points 
d,e,f, Qi hj strike upon the concave sur- 
face, ABC, they will all bo reflected to 
the fiscus, F, and there concentrated in 
such a way as to produce a most powerful 
effect 
It IS upon this principle thatwhisper* 
ing galleries are constructed, and domes and vaulted ceilings often exhibit tfa^ 
same curious phenomena. In these instances a whisper uttered at one point 
18 reflected from the curved surface to a focus at a distant point, at which 
situation it may be distinctly beard, while in all other positions it will be in- 



Fig. 190. 
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All are familiar with the resonance produced by placing a 
the neiM heard sea-shell to the ear— an effect which &ncy has likened to the 
in a aea-sheU? u j^^r of the sea." This is caused by the hollow form of the 
abell and its polished sur&oe enabling it to receive and return the beatings 
of all sounds that chance to be trembling in tbe air around the shell 

432. Speaking-tubes and speaking-trumpets depend on the principles of the 
reflection of sound. 

Fia. 19L 




483. A Speakinoi-Trumpet (Fig. 191) is a 
speaking-T^m- hoUow tubc SO coDstructcd that the rays of 
***' sound (proceeding from the mouth when ap- 

plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus givmg 
great additional strength to the voice. 
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FiCL 193. The coarse of the nys of 

sound proceeding irotn the 
movith through this instm- 
ment^ may be shown hj 
Fig. ia2. The trumpet be^ 
B^ ^recM to anj pointy ^ 
collection of paraUd rays of 
sound moTes toi>^ard such 
point) and they reaob the 
ear in much greater number than would the diverging rays which would pro- 
ceed from a speaker without such an instrument 

y^^ ,, „ 434. An Ear-Trurapet 18, in form and appli- 
Ear-Trnmpei? catioD, the revcTse of & Speaking-trumpet, but 
in principle the same. The rays of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 

Fig. 193 represents the form of the ear-tnmipet gen- 
erally used by deaf persons. The apoture A is placed 
within the ear, and the sound whidi enters at B is^ by a 
series oi reflections from the interior of the instrument 
concentrated at A. 

In the same manner persons hoid the hand concave 
behind the ear, hi order to hear more distinctly. The 
concave hand acts, in some respects^ as an ear-trumpet^ and reflects the sound 
into the ear. 

Most of the stories in respect to the so-called ''haunted houses" can be aU 
satiafactorily explained by reference to the principles which govern the re- 
flection of sounds. Owing to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary cauFss are ofl«a heard in certain 
localities at remote distances, in apparently the most unaccountal^ manner. 
Ignorant persons become alarmed, and their imagination connects the phe- 
nomenon with some supernatural causew 

435. A right understanding of the principles which govern the reflectioa 
of sound is often of the utmost importance in the construction of buildings 
intdnded for public speaking, as halls, churches, eta 

Experience shows that the human voice is capable of filling a larger space 
than was ever probably inclosed within the walls of a sin^e room. 

The circumstances which seem necessaiy in order that the 
human voice should be heard to the greatest possible distance^ 
and with the greatest distinctness, seem to be, a perfectly 
tranquil and uniformly dense atmosphere, the absence of all 
extraneous sounds, the absence of echoes and revetberationii^ 
and the proper arrangement of the reflectmg surfaces. 




"What ciroom- 
stances are nec- 
essary to in- 
snm the otmosft 
distinctness in 
hearing? 
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^ . A pare atmo^ef^ in a nx>m for speaking, h&ng &Torable 

p«xe Atmos. to the ^gaker's health and strength, will give him greater 
Fmr iMHtflar? V^^^^ ^ ^^^ '^^ ^^^ endurauce, thus indirectly improv- 
ing the hearing by strengthening the sooroe of soond, and also 
bj enabling the hearer to give his attention for a longer period undisturbed. 
In oonstrocting a room fur public speaking, tlie ceiling 
i^xmi for pub. ought not to exceed 30 to 35 feet in height 
m^^^Sf^ The reason of this maj be explained as follows:— If we 
advance toward a wall on a calm day, producing at each step 
r!amaof tbulr *^™® sound, we will find a point at which the echo ceases 
to be distingulshaUo (hun the original sound. The distance 
from the wall, or the corresponding interval. of time^ has been called the limit 
of perceptibility. This limit is about 30 to 35 feet; and if the ceiling of a 
building for speaking be arranged at this limits the sound of the voice and the 
edio will blend together, and thus strengthen the voice of the qieaker. 

If the ceiling be oonstmoted higher than this limit of perceptibility, or 
higher than 3D or 35 feet^ the direct sound and the echo will be heard sepa< 
rately, and will produce indistinctness. 

n<nr may ^Schoes fpom walls and ceifings may, to a certain extent, 
•choM in a^ be avoided by covering their sur&ces with thick drapery, 
SS^^'^MteS ^^^^^ absorbs socind, and does not reflect it 
be avoided f If the room is not very laige, a curtain behind the speaker 

,^^ impedes rather than assists his voice. 

hy the™iwy- ^^^' ^^ ^^^T apartm^t owmg to the peculiar arrange* 
■•*« of •» ment of the reflecting surfaces, sopie notes or tones can be 
apanmeu heard With greater distmctness than others; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note^ better than any other. If a speaker, therefore, will adapt the tones 6t 
hia voice to coincide with this key-note, which may readily be determined 
hy a little practioe, he will be enabled to speak with greater ease and distinct- 
liess than undar any other circumstances. 

In a laige room nearly square, the best place to speak fit>m is near one cor- 
ner, with the voice dtoected diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that will reach across the room win be the most 
audible. In all rooms of ordinary form, it is better to speak along the length 
of a room than across it It is better, generally, to speak torn piretty near a 
wall or pillar, than far away from it 

SECTION III. 

OBGANB OF HEABING AND OF THE TOIOE. 

I>eKrlbe the *^'^* -^^ ^^ consists, in the first instance, of a fiinneU 
eoDstnietlonof shaped mouth, pUioed upon the external sur&ce of the head. 
thahiimaaear. j^^ msinj animals this is movable, so that they can direct it 
to the place from whence the sound comas. It is represented at a, Fig. 194. 

0* 
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Prooeeding inward from this external por- 
tion of the ear, is a tube, something more than 
an inch long, terminating in an oval-shaped 
opening, &, across wliich is stretched an elas- 
tic membrane, like the parchment on the head 
of a drum. This oval-sliaped opening has re- 
ceived the name of the tympanum, or drum of 
the ear, and the membrane stretched across It 
is called the "membrane of the tympanum, or 
dram of the ear." 

The sound concentrated at the bottom of the ear-tube &lls upon the mem- 
brane of the drum, and causes it to vibrate. That its motion may be freo, 
the air contained within and behind the drum has free communication with 
the external air by an open passage, /, called the eustachian tube, leading to 
tlie back of the mouth. A degree of deafoess ensues when this tube is ob«' 
stnicted, as in a cold; and a crack, or sudden noise, with immediate return 
of natural hearing, is generally experienced when, in the effort of sneezing or 
otherwise, the obstruction is removed. 

The vibrations of the membrane of the drum are conveyed further inward, 
through the cavity of the drum, by a cham of four bones (not represented in 
the figure on account of their minuteness), reaching from the center of tho 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, from its curious and most intricate 
structure is called the LabyrirUh, Fig. 194, e e cL 

The Labyrinth is the true ear, all the 
other portions being merely accessories by 
which the sonorous undulations are propa- 
gated to the nerves of hearing contained 
in the labyrinth, which is excavated in the 
hardest mass of bone found in the wholo 
> lx)dy. Fig. 195 represents the labyrinth 
f on an enlarged scale, and partially open. 

The labyrinth is filled with a liquid sub- 
stance, through which the nerves of hearing 
are distributed. When the membrane of 
the drum of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are communicated to the little diain of bones, 
which, in turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained m it This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to all portions of the auditory nerve dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth consist of what is called the vestibule, 
tf, Fig. 194, three semicircular canals, c, imbedded in the hard bone, and a 
winding cavity, called the oochka, d, like that of a snail-shell, in which fibres, 
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stretched across like harp-strings, constituta the /yro. The separate uses of 
Iheso various parts are not yet folly known. The membrane of the tym- 
panum may be pierced, and the chain of bones may be broken, mthout en- 
tiro loss of hearing. 

438. In the hearing apparatus of the lower orders of 
oSwiaes 'of <^zu<na!S| all the parts belonging to the human ear do not 
the hearing ap. exist. In fishes, the ear consists only of the labyrinth; and 
{!ti^ yL«imMi« » in lower animals the ear is simply a little membranous 
cavity fiUed with fluid in which tiie fibres of the nerves cf 
hearing float 

439. All persons can not hear souods alike. 
^n ^^ £^ Ii^ difierent individaals the sensibility of the 
soimd alike? auditory nerves varies greatly. 
What u the ^^' ^^^ whole rango of human hearing, 
""^lie^itt?' ^^^^ *^® lowest note of the organ to the h^h- 
est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

,^^j^ 441. In the human system, the parts con- 

eixans of cemcd in the production of speech and music, 

voice? _ /•"-'I'll I 

are three : the wmd-pipe, the larynx, and 
the glottis. 

What in the 442. The Wind-pipe is a tube extending 
m»d.pipef £jQjj^ ^jjQ extremity of the throat to the other, 
which terminates in the lungs, through which the air 
passes to and from these organs of respiration. 
What is the 443. The Larynx, which is essentially the 

^^^y^^ organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 
How is ▼oice 444. In order to produce sound, the air ex- 

prodacodr pired from the lungs passes through the wind- 
pipe and out at the larynx, through the opening between 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air, produces 
sound. 
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By 'Use action of mtodes we cati vaiy the tension of these 
tooefl of the membranes, and make the opening between them large or 
i|^ b« ren- gjoaH^ and thos render the tones of the voice grave or acute.* 

•eatof 445. The loudness of the voice depends 

SSTtbe^kld- ™*i°ly Tipon the force with which the air is 
S^Swd*?*^'^ expelled from the lungs. 

The force which a healthy chest can exert in blowing is 
about one poimd per inch of its sur&oe ; that is to say, the chest can con- 
d jnse its contained air with that force, and can blow through a tube the 
mouth of winch is ten &et under the sur&ce' of water. 

wbatteiheTo. 446- ^^ coughing, the top of the windpipe, 
SigS^g? ^' ^^ *^® glottis, is closed for an instant, during 
which the chest is compressing and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

-^^ . 447. Sound, to some extent, appears to always accompany 

generally ac- the liberation of compressed air. An example of this is seen 
5Se^*uT *^f ^ ^^® report which a pop-gun makes when a paper-bullet 
compreaBedair? is discharged from it The air confined between the paper 
bullet and the diaehaiging-rod is suddenly liberated, and 
strikes against the surrounding air, thus causmg a report in the same man- 
ner as when two solids come into collision. In like manner an inflated blad- 
der, when burst open with force, produces a sound like tho report of a pistol 
T h t Is th ^^' ■'■ ^® Bound of falling water appears in a great measure 

•ouod of falling to be owing to the formation and bursting of bubbles. When 
water duct ^Jjq distance whicli water fidls is so limited that tho end of 

* The poirer which the wlU pottsesses of determining with tho most perfect pn^dsioii 
the exact degree of tension which these memhranes of the glottis, or Tocal chords shall 
receire, is extremely remarkable. Their average length in uan is estimated at TSrlOOths 
of an inch in a state of repose, while ia the state of greatest tension it U about 03-lQOths 
of an inch. The arerage length of the membranes in the female is somewhat less. Each 
bU^rrul, or variatioQ of tone which the hnman Tolee is capaUe of prodaciiig is occasioned 
by a different degree of tension of these membranes : and as the least estimated naBd>cr 
of yaiiations belonging to the voice is 240, there mast be 1^ diilBrent states of tendea 
of the Toenl chords, or membranes, every one of which can be at oiice determined by the 
will. Their whole variation in length in man being not more than one fifth of an inch, 
tiie variation required to pass from one itatenrsl of tone to another will not be more than 
l-1200th of an inch. 

It is on socount of the greater length of the vocal chords, or meintirsnes of the glottis, 
HMt the piteh of the voice is much lower in man than in woman : bqt the ^iflfetvofle doc« 
Bot arise until the end of the period of childhood, the size of the larynx in both sexes belsg 
•bout the same up to the age of 14 or 15 yev^ but then changing- rapidly in the male 
sex, and remaining nearly stationary in the female. Hence it is that boys, aiyn^tm 
girls and women, sing treble ; whUe men sing tenor, which is about an octave lower than 
treble, or bass which is lower stilL— .1^. Cmrfmter, 
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ik& Rtreata does not become broken into.bubbles and.dn^ neither sound or 
acr-babbles will, be produced $ but as soon as the distance becomes increased 
to asufilcient extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced. 

wimtHmiee*- ^^O. SnecziDg IS a phenomenon resembling 
^^ cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the month, as in coughing. 

iThat is laugh- ^50. Laughiug consists of qnicily-repeated 
^^ expulsions of air from the chest, the glottis 

being at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

whatiaerjiDgt 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally excite sonorous vibrations by the fluttering of their wings» 
or other membraneous parts of their structure. 

PRACTICAL QtTESTIONS IN ACOUSTICS. 

1. The flash of a cannon iras seen, and ten secoods afterward the report iras heard: 
hoir far off was the eannon? 

2. At irhat distance iras a flash of lightalng, when the flash was seen seTen seconds 
before the thuader was heard ? 

3. How long after a sadden Aoat will an echo heretomed fh>ni a high waU 1,120 feet 
distant? 

4. A stone helng dropped into ^e inonth of a mine, was beard to strike the bottom 
la two seconds ; how deep was the mine f 

6. A certain nnisleal string vibrates 100 times la a second : how many times mnst it 
yibrate ia a second to produce the octave t 



CHAPTER XIL 

HEAT. 



What is heatf ^^' "^^^^ ^* ^ physical agent, known only 
by its effects npon matter. In ordinary lan-< 
guage we use the term heat to express the sensation of 
warmth. , 
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453, Caloric b the general name given to 
the physical agent which produces the sensa- 
tion of warmth, and the varions effects of heat observed 
in matter. 
uow iM hmk ^4* The quantity of heat observed in dif- 

measured? ferent Bubstauces is measured, and its effects 
on matter estimated, only by the change in bulk, or ap- 
pearance, which different bodies assume, according as heat 
is added or subtracted. 
wb«t h tern. 455. The degree of heat by which a body 

peratupef jg affected, or the sensible heat a body con- 
tains, is called its Tempebatube. 

wiutta cold? ^^' ^^'^ ^® ^ relative term expressing only 
the absence of heat in a degree ; not its totdl 
absence, for heat exists always in all bodies, 
whnt dtetta- 457. Heat possesses a distinguishing char- 
Mt^%*A^e acteristic of passing through and existing in 
heatpoaaesar ^11 kiuds of matter at all times. So far as wo 
know, heat is everywhere present, and every body that 
exists contains ib without known limits. 

loe oontaios heat in large quantities. Sir Ilumpbrey Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

la irhat man. 458. The teudeucy of heat is to diffuse, or 
diffu2r* ?r* spread itself among all neighboring substances, 
spread itself? ^^^jj g^jj jj^^^g acquircd the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, becauso 
the heat passes from the coals into the iron, until the metal has acquired an 
equal temperature. 

When do we 459. Whcu the hand touches a body having 
eaiiabod7hotf ^ jjjgj^gy tcmporature than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 
460. When we touch a body having a temperature 
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When do WQ lower than that of the hand, heat, in accord- 
MQAbodjeoidr g^QQ ^f jj |.|jQ g^jjjQ j^^,^ passes out from the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperature, contrasted by name in reference 
to th3 peculiar temperature of the individual speaking of 
them. 

Under h t ^ ^^^ ™^^ ^^^ ^^^ ^^^ ^^^^ ^ ^^^ ^^"'"'^ penon at the 
clnamstaoces Bamo time, sineo the sensation of heat is produced by a body 
ho7»^ wTilto ^^^^^ *^^^ ^^ ^^^ provided it be less cold than the bod^ 
Uie same per- touched immediately before; and the sensation of cold is 
■o^at the same pj-o^Qced under the opposite circumstances, of touching a 
comparatively warm body, but which is less warm than some 
other body touched previously. Thus, if a person transfer one hand to com- 
.mon spring water immsdiately alter touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of cold. 

Has heat ^^^» Heat is imponderable, or does not pos- 

^"**^*' sess any perceptible weight. 

If we balance a quantity of ice in a delicate scale, and then leare it to 
melt, the equilibrium will not be ui the slightest degree disturbed. If wo 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no diffaranco in the result. Count Bumford, having suspended 
a bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to bo exactly in equilibrium found that tho 
balance remained undisturbed when tho water was completely frozen, though 
the heat the water had lost must have been more than sufficient to have made 
an equal weight of gold red hot 

What do we 463. The nature, or cause of heat is not 
SSSeofhiS* clearly understood. Two explanations, or 
theories have been proposed to account for the 
various phenomena of heat, which are known as the me- 
.chanical and vibratory theories. < 

Ezptitntheme- ^64 The mcchanical theory supposes heat 
ehanioai theory. ^^ j^ ^^ extrcmely subtilc fluid, or etherial 

* There ean not be a more falladoas means of estlinating heat than hj the tonch. Thns, 
. In the ordinaxy 8*^^ of an apartment, at any season of the year, the ohjeets which are in 
it hare all the same temperature ; and ' et to the tonch they wUl feel warm and eold in 
different degrees. The metallic ohjeets wUl he the coldest ; stone and marhle bss so : 
irood still less; and carpeting and woolen ol^fects will feel warm. Now all these ol^ects 
ave at txaetly the seme temperatare, ai aMortAined by the thermometer. 
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kind of matter pervading all space, and entering into 
combination in varioas proportions and quantities, with 
all bodies, and producing by this combination all the va^ 
rious eflFects noticed. 

Explain then- 465. The vibratory theory,, on the contrary, 
bratory theory, gupposcs heat to be merely the effect of a spe- 
cies of motion, like a vibration or undulation, produced 
cither in the constituent particles of bodies, or in a aabtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the other 
end soon becomes hot also. According to the mechaniciU theory, a subtilo 
fluid coming out of the fire enters into the iron, and passes ih>m partide to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the vibratory theory, the heat of the fire communicates to the par- 
ticles of the iron themselves, or to a subtile fluid pervading them, certun vi- 
bratory motions, which motions are gradually transmitted in every direction, 
and produce the sensation of heat, in the 6ame way that the undulations or 
vibrations of air, produce the sensation of sound. 

There seems to be bat littlo doubt at the present time aracmg 
tro flieoriefl scientific men, that the theory which ascribes the phenome- 
gJJJJJ' "" na of heat to a series of vibrations, or undulations, either in 
matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satis&ctory, and neither theory will perfectly 
explain aU the fitcts in relation to heat with which we are acquamted. 
For the purpose of describing and explaining the phenomena and effects of 
heat, it is oonTKiient, in many cases, to retain the idea that heat is a substance. 

The &ct that nature nowhere presents us, neither has art 
dene^infaror ®^®^ succeeded in showing us, heat alone in a separate stato^ 
of the respeeu is a Strong ground for believing that heat has no separate 
jJ2^ty material existence. Heat, moreover, can bq produced withotit 

Umit by friction, and intense heat is also produced by the.ex- 
plosfon of gunpowder. On the contrary, as arguments in £ivor of the material 
existence of heat, we have the &ct, that heat can be comn^unicated very 
readily through a vacuum ; that it becomes instantly sensible on the condens- 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (the 
greatest amount of heat being emitted with the blows that most change its 
bulk); and, finally, that the laws of the spreadmg of heat do not resemble 
those of the spreading of sound, or of any other inotion known to ns. 

466. The relation between heat and Hght is a very intimate 
fa^ew**^^ one. Heat exists without light, but all the ordinary sources 
tireenhoatftad of light are also sources of heat; and by whatever artificial 
n^it means natarfil fi^t is coiideiifled,8e aataiiKKase its ^1^ 
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flor, the heat w!deh it prodooes is also^ at the same time^ randered more 



^ ^ 467. When a body, naturally incapable of 
bodjineaades. emitting light, is heated to a sufficient extent 
*"**^ to become luminous, it is said to bo incandes* 

cent, or ignited, 
whatisflamt ^68. Flame is ignited gas issuing from 

and fire? ^ buming body. Fire is the appearance of 
lisat and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The andent phflosophers used the term fire as a dioracteiistic of the natore 
of heat, and regarded it as one of the ioar etoments of nature ; air, earth, and 
water being the other three. 

Heat and the attraction of oohesioa act oonstaatlf in opposition to each 
otlter ; henoe, the more a body is heated, the less will be the attnetiye fbrce 
between the particles of which it is composed. 

SECTION I. 
SOUBOSB OJEBA*. 

mio^ the 469 gix great sources of heat are recognized, 
fonrcesoftattt? T^ey are — ^1. The sun; 2. The interior of the 
earth; 3. Electricity; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

wbat is the 470. The greatest natural source of heat is 
Sr^Sl^^f the sun^ as it is also the greatest natural source 
^' of light. 

Altboogfa the quanti^ of heat sent forth from the sun is immense, its rajs^ 

filling natoraUjr, are never hot enough, even in the torrid zone, to kindle 

_. 1QA combustible substances. By meana^ however, of a 

' boming-glasi^ the heat of Ihe s«n*8 rays can be con- 

^^ ^"""""^v. eentrated, or bent toward one point, called a focna^ 

^^m^^m^^lf^ ^ sufBcient quantity to set fire to substances sub- 

^^'^^^'^((^ mitted to their action. 

^Ijy^ Fig. 196 represents the manner in which a bnming- 

^^■H^^p^ glass concentrates or bends down the rays of heat 

^^^^^^^^"^ until they meet in a (bcus. 

Two opinioiis, or theories, have been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intenaely*heated maasi which throws off its light and heat like an intensely- 
heated mass of jron: the other, based on the ground that heat is occasioned 
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hf the Tilmiiioiui of an ethereal fluid occapjii^ aH speoe, sapposes that the 
Bon may produce the phenomena of light and heat without waste of its tem- 
perature or Buhstanoe, as a bell maj constantly produce tho phenomena of 
sound. 

Whatever may be the true theory, a series of experiments, made some yean 
since by Arago^ the eminent French astronomer, seem to prove that tho tem- 
perature at the surface of the sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows: — 

There are two states in which light is capable of existing — ^the ordinaf 
state, and the state of polarization.* It has been proved that all bodies, in a 
solid or liquid state, which are rendered incandescent by heat> emit a polar- 
ized light, while bodies that are gaseous, when rendered incandescent, inva- 
riably emit light in its ordinary state. Thus the physical condition of » body 
may be distinguished when it is incandescent by examining the light whidi 
it aflbrds. On applying the test to the direct light of the son, it was found to 
be in the unpolarized or ordmary condition of light. Hence it has been in- 
ferred by Arago that the matter from which this light prooeeds must be in 
the gaseous state^ or, in other words, in a state of flame. From other experi- 
ments and observations, Arago was led to tho oondosion that the sna was a 
solid, opaque^ non-luminous body, invested with an ocean of fiama 

,^ . ,^ , 471. Owing to the positioa of the earth's 
atire heat of axi», the relative amoaat of heat received from 

the san always ^i . , , • .' i» 

greater i'^eome the suii IS always greater m some porUons of 
earth thaa at the earth tbaii at others, since the rays of tho 
sun always fidl more directly upon the central 
portions of the earth than they do at the poles, or extremi* 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why la tbe ^^^' '^^^ ^^^ ^ ^^ ^^^ ^ greatest at noon, because for 
heat of the sua the day the sun has reached the highest point in the hcavenSi 
JJJJ^^ ** and its rays fall more perpendicularly than at any other 

time. 
Se* dSferen"* ^^ * ^^® reason we ezperienoe the eztremes^f tempenip 
in temperature tare, distinguished as summer and whiter. In summer the 
wtatS??*'"* position of the sun Sn ration to the esrth is such, that al- 
though more remote from the earth than in winter, its rays 
fiiQ more perpendicidarly than at any other season, and impart the greatest 
amount of heat ; while in winter the position of tlie sun is such that its nys 
fall more obliquely than at any other time^ and impart the smallest amount of 
heat The sun, moreover, is longer above tiie horizon in summer thaa in 
winter, which also produces a corresponding effect 
The reason why a difference m the inclination of the sun's rays fiUling iqwa 
* For explaoAtioa ef the temi polarisation, flee chapter on Light 
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the Bor&oe of the eaith ooeasioxia a difference in their heating effect ia, that 
the more the rays are inclined, the more they are diffhsed, or, in other wordp, 
the larger the space they oorer. This may be rendered apparent by reference 
to Fig. 197. 

Fio. 19t.. ^^ ^ suppose A B C D to represent 

a portion of the sun^a rays, and C D a 
• portion of the earth's surface upon which 
the rays £dl perpendicularly, and C E 
portions of the surface upon which they 
fail obliquely. The same number of 
=% rays wfll strike upon the sur&oes C D 
and G £, but the sur^Kso G R bcmg 
greater than G D^ the rays will necessarily fall more densely upon the latter; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious that G D will be heated more than G £, in just the same proper* 
tien as the sur&oe G £ is more extended. But if we would compare two 
surfaces upon neither of which the sun's rays fidl perpendicularly, l^t us take 
G E and G F. They faU on G E with more obliquity than on G F; but G S 
IB evidently greater than G F, and therefore the rays being diffused over a 
larger sur&ce are less dense, and therefore less effective in heating: 
What is the 473. The greatest natural temperature ever 
Sto^^ntai; authentically recorded was at Bagdad, in 1819,, 
ereroiiwrFed? ^fhevL the thennometer (Fahrenheit's) rose to 
120° in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as 108*" F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117** F. in the shade. 

wh«t u fbo *^*' ^^^^^ *^^'' '^^^^ *^® ^®^^ of Fahrenheit's 
ioir«rt tempe. thermometer is the lowest atmospheric temper- 
ature ever experienced by the Arctic navigators, 
ivvhstexfteat 475. The greatest artificial cold ever pro- 
^d b^^ duced was 220° F. below zero, 
doctdr xhis temperature was obtained some years aince by M. 

Natterer, a German cbemisL Professor Faraday also produced a cold 
equal to 166^ F. below zero. At neither of these temperatures were pure 
alootiol or ether firozen. 

The temperature of the spase above the earth's atmosphera has been esU^ 
mated at 68° below zero, Fahrenheit's thermometer. 

Toiriiatdepfh 476. Tho depth to which the influence of 
SU«"tiie*h25 *^® ^^^^ ^^ ^^^ sun extends into the earth va- 
cfttw MQ ex- rigg ffQUj 50 to 100 feet ; never, however, ex- 
ceeding the latter distance. 
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now do w« Independently of the mm, however, the eftiih is a eooreeof 
kDov thftt ttatf heet The proof of Ibis is to beibund in the Saet, that as we 
Mnhtossooroe defend into the earth, and pass beyond the limits of the iaflo. 
ence of the solar heat, the temperature constantly rises. 

At what nta 477. The increase of temperature observed as 
pentoKof tte we descend into the earthy is about one degree 
earth increaw 7 ^£ ^j^^ thermometerfor every fifty feet of descent 

Sui^posmg the temperature to increase according to tliis ratio, at the depth 
of two miles water would be converted into steam ; at four miles, tin would 
be melted; at five miles, lead; ana at thirty miles, almost ereiy earthy sub- 
stance would be reduced to a fluid state. 

The internal heat of the earth does not appear to have' any sensible effect 
• upon the temperature at the sat&oe, being estimated at less than 1-30& of 
a degree. The reason why such an amoaut of heat as is mppoeeA to exist in 
the interior of the earth does not more sensibly aflfect the snr&ee is because 
the materials of which the exterior strata or crust of ibe earth is composed, 
do not conduct it to the surface from the interior. 

Under what ^78. When elect^ity passes from one sub- 

S'SeS^S?! stance to another, the medium which serves to 
fonnoofheatr couduct It is Very frequently heated ; but itx 
what manner the heat is produced we have no positive in* 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galvanic curr^it AU. known substasoes can 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical pui^ 
poses to any great extent ; but for philosophical experiments and investiga- 
tions it has been made quite usefliL 

How is ehem- 479. Many bodieS; when their original con- 
lSIfw?5f w* fltitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 
In such cases, the heat is said to be due to chemical ac- 
tion. 

WhAtiseiiem. '^^* ^^ ^PP^X ^ ^^^^"^ chemical action to 
ienaetioBf those Operations, whatever they may be, by 
H^i^ l&e f^rm, soMity, color, taste, smell, and action of 
changed; so that new bodies, with 
ties, are formed from the old. 

'«Sr In whach heal is evolved by chemicsl 
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«etioii is to be hood in the experiment <^ potiring oold water upon quick* 
lima The water and the lime combine together, and in so doing liberate a 
great amount of heat, sufficient to set fire to combustible substances. 

How is heat "^Sl. Heat is always evolved when a fluid is 
S!S^*<rf?ora transformed into a solid, and is always ab- 
in m»tterf Borbcd when a solid is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given oflf. 

The heat produced by the Taiious forms of combusUoni is the result of chem* 
leal action. 

In what two ^^^ Heat exists in two very different con- 
SSilSStV**^ ditions, as Free, or Sensible Heat, and as 

Latent Heat.* 
Whatissensi. ^^- When the heat retained or lost by a 
uehefttr ][)Qjy jg attended with a sense of increased or 

diminished warmth, it is called sensible heat. 
What !■ latent 484. Wheu the heat retained or lost by a 
^***'^ body is not perceptible to our sense, it is called 

latent heat, 

-. . Every substance contains more or less of latent heat Al- 

MOW ao we ■». • ^ . #. . 

know heat to though our senses give us no durect mfonnation of its pres- 
tfwV"n**noi ®^^ ^^ °^y» ^y ^ variety of experiments, prove that it ex- 
perceive itf iats. Thus, the temperature of ice is 32® by the thermometcTi 
but if ice be melted over a fire and converted into water, the 
water will be no hotter than the ice was before, although in the operation 
140 degrees of heat have been absorbed by the water. When, on the contrary, 
water passes into ice, a large amount of heat which was before latent in the 
water, passes out of it, and becomes sensible.f 

485. Another important source of heat is 
chaniTHi action mcchanical action, heat beins: produced by 

aionrceof hestf /,.. i^i % , 

friction and by the condensation^ or compres- 
sion of matter. 

What are fflui- Savage nations kmdle a fire by the friction of two pieces 
tratiooB of the of dry wood ; the axles of wheels revolving rapidly fi«quent!f 
5St"^^Mo^ *'®^"*® ignited ; and in the boring and turning of metal the 
tionf chisels often become intensely hot. In all these cases the 

friction of the surfhces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 

The following interesting experiment was made by Count Rumford, to il« 

* Latent, from the Latin word l^iteo^ to be hid. 

t the pbenomefla of latent heat are farther eonddered a&der Che head of ttqUifliGtloo* 
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lostrate the effect of fHction in produdng heat :~A boreriras made to x» 
Tolve in a cfiinder of braas, partiali/ bored, thirty-two times in a minnteL 
The cyhnder was iucloeed in a box containing 18 pounds of water, the tem- 
perature of which was at first 60®, but rose in an hour to 107 o ; and m 
two hours and a haU' the water boiled. 

UnXrneotMuy ^^^^^ »<>* appear to be necessary to the production of 
fur the produe- heat by the friction of solid bodies ; since heat is produced 

frirttoa^"*** **' ^y ^"^•*»®'^ ^^^^"* * ▼acuum. 

To whatever extent the operation may be carried, a body 
i)2Ter ceases to give out heat by friction, and this &ct is considered as a 
strong argument in favor of the theory that heat is not a substance^ but 
merely a property of matter. 

It was formerly supposed that solids alone could develop heat by friction, 
but xvoent experiments have proved, beyond a doubt, that heat is also gener- 
ated by the friction of fliuds. 

The heat excited by friction is not in proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece 0[ cedar- wood produced more heat than when rubbed with anotiier 
piece of metal \ and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter hito a smaller compass by an exter- 
i^Z^nVof^OM ^^ ^^ mechanical force, is generally attended with an evolo- 
prodaction of tion of heat To such an act of compression we apply the 
neat by con- x j j.* 

deuMtionr ^rm condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tinder ma tube, and suddenly compressing the 
air contain^ in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to the tinder at the bot- 
tom of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by striking it with a hammer. The 
particles of the iron being compressed by the hammer, can no longer contain 
BO much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and increases the temperature of the metal, and the striking 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and being compressed between the 
match and the paper, their heat is raised sufficiently high to ignite them and 
"fire the match. If the match be drawn over a smooth surface, the compres- 
sion must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck bj a 
hammer, because the blow occasions a compression of the particles, by whidli 
a sufficient amount of latent heat is liberated to produce ignition. 

whAtiq meant ^^S* Most livins^ axiimals possess the property 
by Tita hofttf ^f xnaintaining in their »yplem an equable tern- 
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peratare, whether Burronnded by bodies that are hotter cr 
colder than they are themselves. The cause of this is dnc 
to the action of vital heat, or the heat generated or ex- 
^ied by the organs of a living structure. 

Tbe foUowing facts iUastrato itaa principle: — ^Xbe ezptorera of the Arctic 
rogioniS, during the polar winter, while breathing air that froze mercaiy, still 
had in them the natural warmth of 98° Fahrenheit above seto; and the 
inhabitants of India, where the same thermometer sometimes stands xrt 
115° in the shade, have their blood at no higher temperatore. Again, 
the temperatoro of XAi^a is not that <^ the atmo^here, nor of fishes that 
of the sea. 

487. The cause of animal heat is undouht- 
.eiQM of Tiftid edly due to chemical action; — the result of 
respiration and nervous excitation. 

Do tdantii wtm. Growing vegetables and plants also possess, in a degree^ 
8698 this prop- the property of maintaining a constant temperatore within 
^^' their stnicture. The sap of trees remains unfrozen when the 

temperature of the surrounding atnKnphero is many degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly coming upon a man who has not suificient 
protection, first causes a sensation of pain, and then brings on an almost irre- 
sistible sleepiness, which if indulged in proves &taL A great excess of heat 
also can not long be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itsolf, and from this diversity different races are fitted for dif- 
ferent portions of the earth's sur&ce. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are removed from their peculiar and natural dis- 
tricts to one entirely difibrent, they cease to exist, or change their character 
in such a way as to adapt themselves to the climate. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the torrid zone is nearly destitute of haur. Bees 
transported from the north to the region of perpetual summer, cease to lay up 
stores of honey, and lose in a great measure their habits of industry. 

Man alone is capable of living in all climates, and (Emigrating fireely to all 
portions of the earth. 

Of all animals, birds have the highest temperature ; mammalia, or those 
which suckle their yonnsr. come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common raud-waffp, in its chrysalis state, remains unfroacn 
daring the most severe cold of a northern winter ; the fiuids of the body in- 
stantly congeal, however, in a fi^ezlag temperature, the moment the oase,^ 
«r shell which hidoses it^ la crushed. 
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SECTION II. 

OOltUUNICJLTIOK OF HEAT. 

u^J!S^ 488. Heat may be comtnanicated in three 



«•*«*' ways: by Conduction^ by Convbction, and 

by Badiation. 

489. Heat is communicated by conduction 
wmmaoieatM whcu it travels ffom particle to particle of the 

^~ ^ substance, as from the end of the iron bar 
placed in the fire to that part of the bar most remote 
from the fire. 

What u eon. ^90. Whcu heat is communicated by being 
^*'*"' carried by the natural motion of a substance 
containing it to another substance or i>Iace, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection. 
whaturmdUu ^^^' Hcat is commuuicated by radiation 

tioaofheatf whcu it leaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

Boir doM ft ^9^* -^ heated body cools itself, first by giv- 
SSf usdn"^^ ing off heat from its surface, either by conduc* 
tiou or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
face. A cold body, on the contrary, becomes heated by a 
process directly the reverse of this. 

Do All bodies 493. Different bodies exhibit a very great 
^^jw^ degree of difference in the facility with which 
they conduct heat: some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What uo eon* ^^ '^^ bodics are divided into two dasses 
non^nduSto^ 1^ respect to their conduction of heat, viz., 
9ihmtf IqIjq conductors and non-conductors. The for- 
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mer are stich as allow heat to pass fr6ely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, iH>roua substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of raiious soUd substances may be striki 
Inglj shown by taking a series of rods of equal length and thickness, coating 
one of their extremities with wax, and placing the other extremities equally 
in a source of heat The wax will be found to entirely melt off from some 
of the rods before it has hardly softened upon others. 

wbat ifl tha 49^- Liquids are almost 
jSwJ'**^!!*. absolute n^n-conductors of 
»«•' heat. 

If a small quantity of alcohol be poured on the sar- 
&oe of water and inflamed, it will continue to bum 
for some time. (See Fig. 198.) A Uiermometer, 
immersed at a small depth below the common sur- 
face of the spirit and the water, will fiul to show any 
increase in temperature. 

Another and more simple experiment proves the 
same feet; as when a bladcsmith immerses his red- 
hot iron in a tank of water, the water which sur- 
rounds the iron is made boiling hot, while the water 
not immediately in contact with it remains quite cold- 

Fio. 199. If a tube neariy filled with water is held 

over a spirit lamp, as in Fig: 199, in such ^ 
manner as to direct the flame against the 
upper layers of the water, the water will be 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
so treated, its lower layers will speedily be- 
come heated. The particles of mercury will communicate the heat to each 
other, but the particles of water will not do so. 

Why doM A "^ stone, or marble hearth in an apartment, feels colder to 
•tone, or mar- the feet than a woolen carpet, or hearth-rug, not because the 
2Ja»* tSi^^ » one is hotter than the other, for both are really of the same 
carpet f temperature, but because the stone and marble are good 

* The foUowing table exhibits the relative condacting power of different subBtances, 
the ratio expresdng the conducting power of gold being taken at 100 
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omdacton^ and fho woolen earpet and hearth-rug yerj bad conductor:;. 
The action of the two substances is as follows: — xVs soon as the heaitlt- 
Etone has absorbed a portion of heat from the feet, it instantly dL«:posc3 
of it bj conducting it away, and calls for a fresh supply ; and this ac- 
tion trill ccmtinne unta Uie atono and the foot hare established an equili- 
brium of temperatnre between them. Tho carpet and the rug also absorb 
heat from the feet m like manner, but they conduct or convey ^ away so 
slowly, that its loss is hardly perceptible. 

Most yarietias of wood are bad conductors of heat; hence, though one end 
ci a stick is blazing, the other end may be quite cold. Cooking vessels, fer 
this reason, are often furnished with wooden handles, which conduct the heat 
of the vessel too slowly to render its influx into our hands painful. For tho 
same reason wo use paper or woolen kettle-holders. 

Towhatcxtent ^^^' Bodics in the gaseous, or aeriform con- 
bwtt^ wnd^et ^it^on are more imperfect conductors of heat 
**®^' than liquids. Common air, especially, is one 

of the worst conductors of heat with which wo arc ac- 
quainted. 
How u air ^97. Air is, however, readily heated by con- 

heated! vection. Thus, when a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than tho 
other portions around it, rises upward in a current, carry- 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents." 

In this way air, which is a bad conductor, rapidly reduces the temperaturo 
of a heated substance. If the air which encases the heated substance wero 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself and the withdrawal of heat would be checked: 
but as the external air is never perfectly at rest, fresh and colder portions 
continually replace and succeed those which have become in any degreo 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day always feels colder than a calm day of tho 
same temperature, because in the former case the particles of air pass over 
ns more rapidly, and every fresh particle takes some portion of heat 
Hov mny fhe 498. The Conducting power of all bodies is 
SSf#rff£di68 diminished by pulverizing them, or dividing 
Se diminished r ^hcm iuto fiuc filamcnts. 

Thus AW-du9ti when not too much oompreaaed, is one of the most perfect 
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non^condoctors of heat. Wool, fbr, hair and featb<^ are also amoi^ the worst 
oonductors of beat 

. Woolens and furs are used for clothing in cold weather, not 

and woolens becaoae they impart any heat to the body, but because they 
uedfor cloth- jjjpg ygpy. y^g^ oondactora of heat; and therefore prevent the 
warmth of the body from being drawn off by the cold air. 
The heat generated in the animal system by vital action has constantly a 
tendency to escape, and be dissipated at the surface of the body, and the rate 
at wliich it is dissipated depends on the d.ff^rence between the temperature 
of the sur&ce of the body and the temperature of the surrounding medium. 
By interposing, however, a non-conducting substance. between the surface of 
the body and the external atmosphere, we prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non-conducting properties of fibrous and porous sub- 

the ^ non-oOT^ Stances are due almost altogether to the air contained in their 

daeting prop- interstices, or between their fibers. These are so disposed as 

■ab^DOMdue? ^ receive and retain a large quantity of air without permitting 

it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and warm woolen goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, from its non-conducting 
properties, serves to increase the warmth of the materiaL 
__j^ . - The finer the fibers of hair, or wool, the more closely they 

«nee bas the retain the air enveloped within them, and the more imperme- 
fib^Bopoo^e ***^® they become to heat. In accordance with this princi- 
warmth of a pie, the external coverings of animals vary not only with the 
material f climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the fiirs are generally 
coarse and thin, while in cold countries they are fine, close, light, and of uni- 
form texture, almost perfect non-conductors of heat 

We have illustrations of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard like the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their surfaces, are rendered non-conductors, and prevent the 
escape of heat fix>m the body of the tree. 

An apartment is rendered much warmer for being Aimtshe^ with double 
dxira and windows^ because the air confined between the two sur&ces op- 
poses both the escape of heat firom within, and the admiadon of cold firom 
without 

As a non-conducthig substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat from without 
In an atmosphere hotter than our bodies, the effect of clothing would be to 
keep the body cooL FUonel is one of the wannest articles of dresS) yet we 
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ean not preserve ice more efiTectoaHy in edouaer than by enveloping it in ita 
folds. Firemen exposed to the intense heat of fomaces and steam-boilers, in< 
Tariably protect tbemselvea mith flaxmel g«nnent& 

Cargoes of ice shipped to the tropicSi are generally papked for preservation 
in sawdust: a casing of sawdust ia also one of the most efifeetual means of 
preventing the escape of heat from the sni^K^es of steam-boilers and steam- 
pipes. Straw, from its fibrous character, is an excellent non-conductor of 
beat, and is for this reason extensively used by gardeners for incasing plants 
and trees which are exposed to the extreme cold of winter. 

Snow protects the soil in winter fbpm the effects of cold In 
protect the tbe same way that fur. aaad wool protect animals, and doth- 
••Jj^ *"*"* ^ """^ Snow is made up of an infinite number d Httla 
crystals, which retain among their interstices a laige amount 
of air, and thus contribute to render it a non-conductor of heat A covering 
^ snow also prevents the earth from throwing off its heat by radiation. The 
temperature of the earth, therefore, when covered with snow, raiely descends 
much below the freezuig-point, even when the- air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected from a 
destructive odd. 

499. Clothing is considered warm or cool ac- 
drcttmBtaDcet cording as it impedes or facilitates the passage 
■idered wm of hcat to or from the surface of our bodies. 
"* The finer the cloth, the more slowly it con- 

ducts heat. Fine cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a linen one. 

The sheets of a bed feel colder than the Uankets, because tbey are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is Hbe same. For the same reason, a 
linen Iiandkerchief is cooler and more agreeal^o to the &ce than a cotton one. 

Cellars feel cool in summer, and warm in winter, because the external air 

* " Tew can realize the protecting value of the warm corerlet of anow. No eider-down 
in the cradle of an iofant is tucked ia more kindly than the aleeping-dresa of winter abont 
the feeble flower-lifB of the Arctic regions The first warm anowa of Anguat and Septem- 
ber, falling on a thickry-blended carpet of grassea, heaths and willowa, enahrlne the 
flowery growtha which nestle around them in.a non-eondncting air-chamber; and as 
each sncoeasiTeanow increases the thickness of the cover, we have, before the Intense cold 
of winter seta in, a light cellular bed, covered by drift, six, eight, or ten feet deep, la 
which the plant retains its vitality. The frozen sub-soil does not encroach upon this nar- 
row cover of vegetation. I luive found, in mid-winter, in the high latitude ci 78% ih» 
surface so nearly moist aa to be iViabifl to the touch} and on the ice-floes eontmencinff 
with a surface temperature of 30* below zero, I found, at two feet deep, a temperatireof 
8* beloir zero, at four feet 2* above zero, and at eight feet 2G* above zero. Ky experi- 
ment prove that the conducting power of snow is proportioned to its oompressioa by 
Winds, raSna, drifts, an4 congelation.** ^Da. Kxect^B Second ArcUe JBapidtUoiu^, 
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has not fi«e wxem into tbem,'; iii cdoseqiieDce of which fhey remain almost at 
an e^en temperature, which in summer, is about 10 degrees colder, and in 
winter about 10 degrees warmer tl^n the external air. 
_ . 500. Befngeratorsi used for the preservation of animal and 

piiadpie are vegetable substances in warm weather, are double-waned 
imd'lr^^roof ^^^ ^^^ ^^ spaces batween the sides filled with powdered 
ufes con* charcoal, or some other porous, non-conducting substance, 
■fcrueted? rpj^^ go.called "fire-proof" Bafos are also constructed of 

double or treble walls of iron, with intervening spaces between them filled 
with gypsum, or "Plaster of Paris." This lining, which is a most perfect 
non-oonductor, prevents the heat from passing fi'om the exterior of the safe 
to the books and papers within. The idea of applying " Plaster of Paris" in 
this way for the construction of safes, originated, in the first instance, ih>m a 
workman, attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great aa to almost entirely intercept the passage of 
the heat, and the man, to his soi^^Hiae^ found that the Water, although directly 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat, and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

Why can not This peculiarity IS owing to the mobility 
2Sl5? be hMU which subsists among the particles of all fluids, 



SfJmwUS! »«d *o *^® change in the size of the particles, 
"■' which is invariably produced by a change in 

their temperature. 

The constituent particles of solid bodies being u?capable of changmg their 
relative position and arrangement, the heat can only pass through them, from 
particle to particle, by a slow process; but when the particles forming any 
stratum of liquid are heated, their mass, es^anding, becomes 
lighter, bulk for bulk, than the colder stratum immediately ^' 

above it^ and ascends, allowing the superior strata to descend. 

Bov Is water 502. Whcu the heat enters at 



*' the bottom of a vessel containing 
water, a double set of currents is immediately 
established— one of hot particles rising to- 
ward the surface, and the other of colder par- 
ticles descendinu^ to the bottom. The por- 
tion of liquid which receives heat from below 
is thus continually diffused through the other 
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parts, and the heat is communicated by the motion of the 
particles among each other. 

These corrents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the uppor one will begin to rise almost as soon as the lower one. The 
movement of the particles of water in boiling will be nnderstood bj reference 
to Fig. 200. Thej may be rendered visible by adding to a flask of boiling 
water a few small partidea of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner as wat^i; 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases^ but to such a slight extent, that they were fi>r a long time re- 
garded as entirely incapable of conducting heat 

In what man. ^03. TIic pToccss of cooling in a h'quid is 
«ru a liquid directlj the reverse of that of heating. The 
particles at the surface, hy contact with the 
air, readily lose their heat, hecome heavier, and sink, while 
the warmer particles helow in turn rise to the surface. 

To heat a liquid, therefore, the heat should bo applied at the bottom of 
-the mass ; to cool it, the cold should be applied at the top, or surface. 

Tlie facility with which a liquid may be heated or cooled depends in a great 
degree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, the partidcs 
of which, by their viscidity or tenacity, prevent the free circulation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick liquids, like oil, molasses, tar, etc, require a consid^ 
erable time lor cooling. 

Expuin the ^^^ When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even for a 
rodtotlon . considerable distance. If the hand be held beneath the body, 

the sensation will be as grreat as upon the sides, although the heat has to 
shoot down through an opposing currer-t of air approaching it This effect 
does not arise fi^>m the heat bemg convoyed by means of a hot current, since 
all the heated particles have a uniform tendency to rise ; neither can it de- 
pend upon the conducting power of the air, because aeriform substances poo- 
sess that power in a very low deg^ree, whfle tlie sensation in the present caso 
is exdted almost on the instant This method of distributing heat, to dis- 
tinguish it from heat papsing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat 

« « ^ ;i. 505. All bodies radiate heat in some roeas- 

D^ all liodiM ,. . , . 

^^ weuf* "^®' ^^^ ^^^ ^ equally well ; radiation being 

in proportion to the roughness of the radiating 

surface. All dull and dark substances are, for the most 
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part, good radiators of heat ; but bright and polished sub* 
stances are generally bad radiators.* Color, however, 
alone, has no effect on the radiation of heat. 

If a metal surface be scratched, its radiating power is increased. A liquid 
contained in a briglit, higbl7*poIished metal pot, will retain its heat much 
longer than in a dull and blackened one. This is not due to the polish or 
brightness of the sur&ce, but to the fact that, hy polishing, the surfiice is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
readOy, If we cover the polished metal surface with a thin cotton or linen 
cloth, so as to render the surface less dense, the radiation of beat^ and conse- 
quent cooling, will proceed rapidly. 

Black lead is one of the best known radiators of heat, and on this account 
is generally employed for the blackening of stoves and hot-air flues. As a 
high polish is unfavorable to radiation, stoves should not be too highly polished 
with tliis substance. 

neat radiated from the sun is all radiant heat 

506. Heat is propagated through space by 

propagated by radiation in straight lines, and its intensity 

^ varies according to the same law which governs 

the attraction of gravitation, that is, inversely as to the 

square of the distance.f 

Thus the heating effects of any hot body is nine times less at three feet than 
at one; sixteen times less at four foet ; and twenty-five times less at five. 

The velocity with which radiant heat moves through spac^ 
^* dow ral is, in all probability, the same as the velocity of light Somg 
dimt beat authorities, however, consider it to be only four fifths of tha:t 
■*°^®' of light, or about 164,000 miles in a second of time. 

DoesndiatioTi 507. Tho radiatiou of lieat goes on at all 
?SS5?fromSii times, and from all surfaces, whether their 
^'^^^^^ temperature be the same or different from 

that of sun'ounding objects : therefore the temperature 
of a body falls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab* 
sorption exceeds the radiation. 

• The action of a blackened rarface of tin l)clng asBumed as 100, it has been found that 
that of a steel plate was 15; of clean tin, 12; of tin scraped bright, 16; when scraped with 
the edge of a fine file in one direction, 26; when scraped again across, about 13; a sur- 
face of clean lead, 1^ ; corered with a gray crust, 45 ; a thin crust of isinglass, 80 ; rosia 
06 ; writing-paper, 08 ; Ice. 86. 

t It is an exceedingly curious fact that this law applies to all physical influences that 
gpread from a center, such as gravitation, heiit, light, electrical forces, magnetism and 
■oand ; and to all central foroeSt ▼ben not weakened by any resistanoe or oppoetng toto^ 
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If a body, at aay teinpenitiire, be pkeed among other bodies^ it wHH i 
their oondition of tempemture, or as we express it, ViermdUy ; just as a candle 
brought into a room illuminates all bodies in its presence ; vith this difference^ 
however, that if the candle be extii^uished, no more light is diffused by it ; 
but no body can be tliernjally extinguished. All bodies, howeyer low be 
their temperature, contiin heat, and therefore radiate it. 

If a pieco of ice be held before a thermometer, it will cause 
"Why does « ^^xq mercury in its tube to falL and hence it has been sup- 
•hik when posed that the ice emitted rays of cold. This supposition is 
braiight nwr erroneous. The ice and the thermometer both radiate heat, 

and each absoibs more or less of what the other radiates to- 
ward it But the ice^ being at a lower temperature than the thermometer, 
radiates less than the thermometer, and therefore the. thermometer absorbs 
less than the ice, and consequently falls. If the thermometer placed in the 
presence of the ice had been at a lower temperature than the ice, it would, 
for like reasons^ hare risen. The ice in that case would have warmed the 
thermometer. 

^at do wa ^^' ^^^^^iations, or effects which are propagated in straight 
mean bj nys Unes <»ly (such as light and radiant heatX are most conve- 
of ^heat or njently considered by dividing them mto innumerable straight 

lines, otrays; not that there are any such divisions in natare^ 
bat they enable us more readily to comprehend the natmre of the phenomena 
with which these principles are ooncemed. 

-When radiant 510. When rays of heat radiated from one 
Ste ^urflcTrf l)f>dy fall upon the surface of another body, they 
SM^iu^be^SI ™^y 1>® disposed of in three ways: 1. They 
»*»*»* *'' may rebound from its surface, or be reflected ; 

2. They may be received into its surface, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be transmitted. 

511. A ray of heat radiated from the sur- 
Mia heat rel facc of a bodv procecds in a straight line until 
'^ it meets a reflecting surface, from which it 

rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikmgly shown by taking two 
concave mirrors^ M and N, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at A, I? placed a heated body, as a maae 
of red hot uron, and in the focus of the other mirror, as at B, a small quantity 
of gunpowder, or a piece of phosphorus. The rays of heat, radiated in diyerg- 
iog lines from the hot metal, strike upon the sui^ce of the nurror M, and are 
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reflected l^lt in parallel lines to the sor&ce (^ the oppoeite miiTOr, K, where 
they will be caused to converge to its focoa^ B, and ignite the powder ot 
phosphoros at that point 

Fick2ai. 





witttareeood ^^^* Polished metallic surfaces constitute 
h&Ltf^" o' the best reflectors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

Water requires a longer time to become hot in a bright tin vessel than in a 
dark colored one, because the heat is reflected from the bright surface, and 
does not enter the vessel 

Hoir does the 513. The powcr of absorbing heat varies 
wrMng^'^^hSSt with almost every form of matter. Surfaces 
^"^' are good absorbers of heat in proportion aa 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the sun more abundantly than Hgfat ones. 
This may be proved by placing a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black doth will have 
melted the snow beneath it, while the white doth will have produced little 
or no efifect upon it 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1, black (warmest of all) ; 2, violet ; 
3, indigo; 4^ blue; 5, green; 6, red; *?, yellow; and 8, white (coldest of all). 

* Of 100 r«yB fallini? at an angle of 60° from the perptnidicular, polished gold will reflect 
76 ,* sUrer 6") ; brans, 6*^ ; brass without polish, 52 ; polished brass varnished, 41 ; looking- 
^asB, 20 ; glass plate blackened on the back, IS ; and metal plate blackened, 6. 

10* 
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A piece (^ brown paper sabmitted to the action of a bnming-glass, ignites 
unch morequiddx than a piece of white paper. The reason of this is, that 
the whito paper reflects the rays of the sun, and though but slightlj beatcd 
appears highly luminous ; while the brown paper, which absorbs the ray^ 
readily becomes heated to ignition. For the same reason a kettle whoee bot- 
tom and sides are covered with soot, heats water more readily than a kettle 
whose sides are bright and clean. 

Light-colored fabrics are most suitable for dresses in summer, since they 
reflect the direct heat of the sun, and do not absorb it ; black outside gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it 

Hoar-fix>st, in the spring and autumn, may be observed to remain longer 
in the presence of the morning sun, on ligh^colored substances than upon the 
dark-colored soil, etc ; the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the fixxit deposited upon their surfiices. 

How is the at. ^^^ '^^ absorbs heat very slowly, and does not readfly 
mosphere heau part with it Air rarely radiates heat, and is not heated to 
** ' great extent by the direct rays of the sun . The sun, however, 

heats the suriace of the earth, and the air resting upon it is heated by contact 
with it, and ascends, its place bemg supplied by colder portions, which in turn 
are heated also. 

This reluctance of ah* to part with its heat occasions some very curious dit 
ferences between its burning temperature and that of other bodies. Metal^ 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120° F. ; water becomes scalding hot at 160^ F. ; but air ap- 
plied to the skin occasions no very painful sensatwn when its heat is far be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power of the 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52^ above the bofling point, and r^nained 'there some 
time without inconvenience. During the time, eggs, pUced on a metal Iram^ 
were roasted hard, and a beefeteak was overdone. But though he could 
thus bear the contact of the heatod ah*, he could not bear to touch any metal- 
lic substance, as a watdi-chain, money, eta Workmen, also, enter ovens, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100° above the temperature of boiling water, and sustain no mjuiy. 

In what man- ^^^' Heat, lu passiDg through most sub- 
tSDwiiWS**' stances, or media, is retained, or intercepted 
^SS^i^t ^^ ^^® passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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516. The heat of the sun passes through transparent 
bodies without loss ; but heat from terrestrial sources is 
in great part arrested by many Bubstances which allow 
light to pass freely, — ^such as water, alum, glass, etc. 

Thus, a plate of glass held between one*8 faoe and the sun will not protect 
it^ but held between the &ce and a lire, it will intercept a large proportion of 
the heat 

617. Those substances which allow heat to pass freely 
through them, are called diathermanotiSj and those which 
retain nearly all the heat they receive, are called ather- 
manous. 

Bock-salt allows heat to pass through it more readily than anj other known 
substance ; while a thin plate of alum, which is nearl j transparent, almost 
entirely intercepts terrestrial heat Heat, indeed, will pass more readily 
through a\ladc glass, so dark that the sun at noon is scarcely disccrmble 
through it, than through a thin plate of dear alum. Water is one of the least 
diatliermanous substances, although its transparency is nearly perfect I( 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be strained of a great part of their heat . 
How does the ^* ^^ **®®^ ioMxA that the power of heat to penetrate a 
fteropentareof dense, transparent substance, is increased in proportion as the 
inglbMt^ect temperature of the body from which it is radiated is increase^ 
lu tnuwrnis- Heat, also^ accompanied by light, is transmitted more readily 
■'°°' than heat without light 

Is ant ofsdiar ^^^' ^*** ^^^ *^^* oaaad to us conjointly from the sun. 
heat rimple or When a ray of light is caused to pass tlirough a prism it is 
lunstarcr *° analyzed or separated mto seven brilliant colors, or element* 
ary partSL If the heat ray which accompanies the light is 
treated in a similar manner, our organs of sight are so constituted that we 
AC not disooTer any separation to have taken place in it It is, however, es- 
tablished beyond a doubt, that in the same manner as a ray of white light 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities corresponding to the various colors. 



SECTION III. 

THE EFFECTS OF HEAT. 

^gi^ 519. The general and most ohvions effect of 



Wba| < 
doesWt . 
dttce apon 



^ heat upon material substances, is to expand 



dSS^a^ "®^* ^P^° material substances, is 
bodies r them, or increase their dimensions. 
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iBthe ibrm of 520. The form of all bodies appears to be 
SSn^SSt**u^ entirely dependent on heat ; by its increase 
^^^ solids are converted into liquids, and liquids 

into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceaaed to be influenced by heat, all liquids^ vapors, and doubtless 
even gaaes, would become permanentij solid, and all motion on the sur&ce of 
the earth would be arrested. 

What are the 521. The three most apparent effects of 
^?St" dfeS heat, so far as relate to the form and dimen-> 
of heat? gjQQg Qf bodies, are Expansion, Liquefaction^ 

and Vaporization. 

Heat operates to produce expansion by introducing a repulsive force among 
the partides of the body it pervades. This repulsive forqp, in the case of 
solids, weakens or overcomes the attraction of cohesion, and gives to the par- 
ticles of all matter a tendency to separate, or increase their distance from one 
another. Hence the general mass of the body is made to occupy a larger 
space, or expand. 

inwhatbodiee ^22. The expausiou occasioned by heat is 
dSS[h?'gr^7t". greatest in those bodies which are the least in- 
ert expaaidouf flucDced by the attraction of cohesion. Thus 
the expansion of solids is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Do bodies con. 523. The expansion of the same body will 
^M M long continue to increase with the quantity of heat 
ScmT ^^^ ^^^* enters it, so long as the form and chemi- 
cal constitution of the body is preserved. 

524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk when heated from 
32^ of the thermometer up to 212. 

Solids appear to expand unlfprmly from the freezing point of water tip to 
21 2°, the boilmj? point of water ; — ^that is to say, the mcrease of volume which ' 
attends each degree of temperatore which the body receives is equal When 
solids are elevated, however, to temperatures above 212°, they do not dilate 
ttniformly, but expand in an increasing ratia . • .. 

The expansion of solids by heat is clearly shown by the fbllowfaig experi- 
ment, Fier. 202 ; m represents a ring of metal, through which, at the ordinary 
temperature, a small iron or copper ball, a^ will pass fi-eely, this ball being a 
little less than the diameter of the ring. If this ball be aow heated by the 



TRB ErwmniA or ubit. 229 



flame of an akxdiol laa^^ it vill beoa 
lar expanded bj heal as no loDger to 
througli ibe ring; 

Whut appBca. . *"" t7»|w» w « 

tlons of the bj heat b 

STS'h.^ fcrn-ny 

are made fai theaitL The Iocs of iriiBel% 

"^••^' and hoopa 




Trater-yatB, bairela, eta, are made in the 

1.-st instance Eomewhat wnallfT tfian the 

frame- work they are intended to auRoimi. 

They are then heated red hot and pot on 

in an expanded condition; on cooBug, thej 

contract and bind together the aerend paita with a greater fiiroe tfan eould 

be convenientlj ap|died bj anj mpch a nin al meana. In like manner, in con- 

BtmcliDg steam-boilafl^ ihe nvtia are fealened while hot. in order tbat tbej 

may, by sdbeeqoent contraction, fieten the plates together more ibmly. 

525. The force with which bodies expand 

gree of foixse and conttact under the inflaence of the in- 

p^nd ftnd m- CFcase or diminution of heat, is apparently 

irresistible, and is recc^nized as one of the 

greatest forces in nature. 

The amoont ci force with wiaA a solid body wiD expand or contract is 
equal to that wliich woold be required to co m press it through a space equal 
to its expansioD, and to that wliich woold be required to streteh it throogh a 
space equal to its contraction. Tbos, if a pillar of metal one hondred inches 
in bdght, being raised in temperature, is augmented in beigfat by a quarter 
of an inch, the force with which such increase of height is produced is equal 
to a w^glit which beiog placed vipfm the top of the pillar would compress it 
so as to diminish its beigfat by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, bo 
contracted by diminished temperature, so as to render its length a quarter of 
an mch lesi^ the force wilhiidiidi this contraction takes place is eqnal to that 
which h&ng applied to stretch it would cause its length to be increased by a 
quarter of an inch. 

Tliis principle is somedmes practically applied when great mechanical force 
is required to be exerted through small qnoes. Thus walls of buildings 
which, from a sobadence of the foundation, or an unequal pressure, have been 
•thrown otit of their perpendicular position, and are in danger of &ning, may 
be restored in the followh^f manner: A series of iron rods are carried across 
the bnildlnfr, passing through holes in the walls, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up until they are in close 
contact with the outside wall, the lamps are then withdrawn and the rods 
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aDowed to cooL Iq cooling they gradually oontxact) and bj tbdr coDiiao- 
tion draw up the walla. 

On account of the expansion of metal bjr heat, tho socoesslTe raila wliidi 
compose a line of railwaj can not be placed end to end, but a small qnoe is 
left between their extremities for expansion. 

A stove snaps and crackles when a fire is first kindled in it, and also when 
the fire in it ia extinguished. Tliis noise is occasioned by the expansion and 
contraction of tho several parts ccmsequent on the increase and cBminntion of 
heat 

A glass or earthen vessel is liable to break when hot water is poored 
into It, on account of the unequal expanaon of the inner and outer sui&ces. 
Glass and earthen ware being poor conductors of heat, the inner sar&cea 
m contact with tho hot water become heated and expand beTore the outer are 
affected; the tendency of this is to warp or bend the sides unequallj, and as 
the brittle material can not bend, it bre^s. 

Nails in old houses are often loose and easily drawn out ; the iron expands 
in summer and contracts in winter more than the wood into which it has 
been driven, and thus in time the opening is enlarged. 

When the stopper of a decanter or smelling-bottle sticks^ a cloth dipped in 
hot wat3r, and applied to the neck of the bottle will frequently loosen it, since 
by the heat of the cloth its dimensions are expanded and enlarged. 

The tone of a piano is higher in a cold than in a warm room, for tho reason 
that tho strings, being contracted by cold, azo drawn tighter. 

tq what extent ^^^* •'^'^^^^ cxpand through the agency of 
Joiiqnidiiex- heat more uneqmJly, and to a much greater 
degree than solids. 

A column of water contained in a cylindrical glass 
yessel will expand i^^ in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only 1^. 

A fluniliar Ulnstratioa of the expansion of water by heat is seen m the over- 
flow of AiU vessels before boilmg commenoes. Diifer»it liquids expand very 
unequally with an equal increase in temperature. Spirits of wme, on being 
heated fbom 32^ to 212^, increase one ninth in bnUc; oil expands aboot one 
twelfth ; water, as before stated, about one twenty-third. A person baying 
oil, molasses and spirits in winter, will obtain a greater weight Ot the same 
material in the same measure than in summer. Twenty galloos of alcohol 
bought in January, will, with the ordmary increase of tempeFstore^ become^ 
by expansion, twenty-one gaUons m July. 

What pecuu- 627. Watof, as it decreases in temperature 
^^on^'dSS toward the freezing point, exhibirs phenomena 
- ' Texuhitf ^hich are wholly at variance with the general 
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law that bodies expand by beat and contract by cold, Or 
by a withdrawal of heat.** 

As the tempemtore of water is lowered, it continues to contract nntil it 
arrives at a temperature of 3d^ F., when all further contraction ceases. The 
volume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, instead of contraction, expansion is produced, and 
this expansion continues at an increasmg rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still farther 
expansion. ' 

,^ . 528. Water attains its greatest density, or 

Wben is water - ..*'.,. . 

^thegreatert the greatest quantity 18 contained m a given 
"" *^ bulk, at a temperature of SQ'' P. 

As the temperature of water continues to decrease below 39*, the point of 
hs greatest density, its particles, from their expansion, necessarily occupy a 
larger space than those which possess a temperature somewhat more elevated. 
The coldest water, therefore, bemg lighter, rises and floats upon the surface 
of the warmer water. On the approach of winter this phenomenon actually 
takes place in our lakes, ponds and rivers. When the surfece- water becomes 
sufficiently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float By this arranprement, water and ice being almost perfect 
non-conductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chill»?d throughout 

If water constantly grew heavier as its temperature diminished (as is the 
case with most liquids), the colder particles at the eur&ce would constantly 
Bi:ik, until the whole body of water was reduced to the freezing point Again, 
if ice was not lighter than water, it would sink to the bottom, and by the 
continuance of this operation, a river or lake would soon become an Immense 
solid mass of ice, which the heat of simimer would be insufficient to dissolve. 
The temperate regions of the earth would thus be rendered uninhabitable. 
Among all the phenomena of the natural world, there is no more strikmg 
illustration of the wisdom of the Creator, and of the evidences of design, than 
in this wonderful exception to a great general law. 

Wh d ■ ira. ^^ expanrfon of water lit the moment of freezing is attrib- 
ter expand in uted to a new and peculiar arrangement of its particles. loe 
Creesingf |g^ ^^ reality, crystallized water, and during its formation the 

particles arrange themselves in ranks and lines which cross each other at 
•angles of 60*> and 120®, and consequently occupy more space than when 
liquid. This may be seen by examining the surface of water in a saucer while 
fireeang. 

A beautifbl illustration of this crystallization of water in freezing is seen in 
the frost-work upon windows in winter, caused by the congelation of the 
vapor of the room when it comes in contact with the cold surface of the glass. 

* A few other Uqnids besides water expand with a reduction of tempemtore. Fused 
Iron, antimony, zinc, and bisthuth, are examples of such expansion. Mercury is a re- 
inarkable instance of the reverse, for when it freezes, it anffers a very great contraction. 
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All fheso flx)St-work figures ore limited by the laws of dTStaUizatton, and tin 
lines which bound them, form among themselves no angles but those of 
30O, 60^, and 120^. If we fracture thin ice, by allowing a pole or weight to 
fall upon it, the fracture will have more or less of reguliultj, being generally 
in the form of a star, with six equi-distant radii, or angles of 60^. 

629. The force exerted by the expansion of water in the 
for!» docTwl! ^^ of freezing is very great As an illustration, the following 
tcr expand in experiment may be quoted : — Cast-iron bomb-shells, thirteen 

*** °* inches in diameter and two inches thick, were Oiled with wa- 

ter, and their apertures or fuse-holes firmly plugged with iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19^ below zero. At the moment the water 
froze, the iron plugs were violently thrust out, and the ice protruded, and 
fa some instances the shells burst asunder, thus demonstrating the enor- 
mous interior pressure to which they were subjected by water assuming a 
aolid state. 

The rounded and weather-worn appearance of rocks is mainly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- 
Bort>ed into their pores by capillary attraction. In freezing, it expands and 
detaches sacoessive fragments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The bursting of earthen water vessels, and of water pipes, by the fi^ezing 
of water contained in them, are familiar illustrations of the same principle. 

By allowing the water to run in a service-pipe, we prevent its freezing, be- 
cause the motion of the current prevents the crystals from forming and 
attachiag themselves to the sides of the pipe. 

. ^ _ 630. The ordinary temperature at which water ft^ezes is 

peratore does 32^, Fahrenheit's thermometer. This rule applies only to 
water freeze? f^^^^ water; salt water never fi'eezes until the surface is cooled 
down to 2*7®, or five degrees lower than the fl-eezing point of winter. 

Under some drcumstances pure water may be cooled down to a tempera- 
ture much below 32^ without freezing. Thus, if pure, recently-boiled water, 
be cooled very slowly and kept very tranquil, ita temperature may be lev- 
ered to 21^ without the formation of ice; but the least motion causes it to 
tsongeal suddenly, and its temperature rises to 32°. 

631. The ice produced by the freezing of sea or salt water 
Ico produced IS generally fi'esh and fi-ee fiY>m salt, mnoe water in fi'eezing, 

hy the frees- j[f guffident fireedom of motion be allowed to its particles, e^- 
Ing of salt wa» , . 

ter free fh)m pels all impurities and coloring matters. The ice formed in 
***'' the congelation of a solution of indigo is colorless, since the 

water in which the indigo waa dissolved expels the blue coloring matter in 



What is th Blocks of ice are generally filled with minute air-bubbles ; 

ori0n of the this is owing to the fact that the water in freezing expels the 

™*""iB iM?*** ^ contained in it, and many of the liberated bubbles become 

lodged and imbedded in the thickening fiuid. 



In what nuui. 582. QzBa and aoifom sAEfaiieK cxpui 
^fJdb^f l-490thoftlielialkwhkitlieTpGMeaeat3S* 



for eveijr degiee of hemt ^miMkh they lecare 
above that point, and oontnct in tke nme propoitioa for 

every degree of heat withdrawn from then. 

Thus, 490 cabSc iodies of air at ZJ? wcU id rrjen^ as t> uMJUyU aace& 
more space at 33^, and hj the adftioQ cf Aaoeba- de ^^j g cf beaC ii'iw^ aa 
temperature to 34°, it wooM oocopr ai ad-rfannal rrf: aad s? cm. Is a5s 
manner, bj the wllbdi a wa l of heat, 490 gi\^ ia^xes cf a? ^vrdi obcb^ an 
inch less space at 3V* than at 32^; tro iocbes ks al 3(P. ani » la. Z2m 
same law holds good fcr all otfaer gaae^ a&l fir Tapon aai Usaa. 

mastratioDS of theexpanflioaGfairbf hEalarecaa&SciISac. Ifat^kiSer 
partially fiDed with <'*»»fiiM^ air he laid hekre &e tr^ the aa- eocsazsed ia it 
may be expanded to a degree wiffiripnt to bast the t^5der. CbesDnia lakl 
upon a heated snr&oe, burst with a loud icport <» aeoocnt of the ewi u mmm 
of the air witiiin their didla. Tbeltroeeeacfwanim^aadTeBXiSatiBg bci^ 
ings depends entirdj* upon the ^ipfication of thk priocsple of the rnwiwiat 
and contraction of air b j tiie incieaae and £aunctioQ cf beat. 

Hoir may the 533. As the magnitude of eveiy body changes 
JSSSS^'rf with the heat to which it is exposed, and as 
JSSd* t? £ ^^^ 8a™e body, when sobjected to calcrific in- 



of heatr flnences nnder the same circumstances has al- 

ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, maybe 
taken aa the measure of the cause which produced them. 
What are iba ^34 The instrumcuts for measuring heat 
l^S^SSto^^ ^^ Thermometers and Pyrometers. The for- 
^^^^^ mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

laquida are better adapted than either solids or gases for measuring the 
effects of heat by expamaion and contraction ; since in sdlida the (firect ex- 
panmon hy heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extensive, and too liable to be affected by yariations 
in the atmospheric pressure. From both of these disadvantages liquids are 
iree. 

The liquid generally used in the construction of thermometers is mercuiy, 
or quicksilver. 

Mercury possesses greater advantages for this puipose than 
enn^espedan^ ^^^ ^^^^ liquid. It is, m the first place, eminently dls- 
»d*p*e«^*he tinguisbed for its fluidity at all ordinary temperatures; h 
S«rmoi&etei«f is, in addition, the only body in a liquid state whose va- 
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riatioDB in Tolarae^ or magnittide, through a consLdenble range of tempo* 
ratare arc exactly uniform and proportional with every increoGe and dim- 
inution of beat Mercury, moreover, boils at a higher temperature than 
any other liquid, except certain oils; and, on the other hand, it freezes at 
a bwer temperature than all other liquids, except some of tiie most volar 
tOc, such as ether and alcohol Thus a mercurial ^ermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiUng water stands at a considerable distance Irom the limits of its 
range, or its freezing and boiling pointa 

Describe tiie 535. The mercurial thermometer consists es- 
mSneS**^^ sentiallj of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube h then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

«- ^^ 536. As thermometers are constructed of different dimen- 

TlawKn ther- , , .,. . , ^ , - - , 

nometers gra- sions and capacities^ it is necessary to have some fixed rules 

doated? fQY graduating them, in order that they may always indicate 

the same temperature under the same circumstances, as the freezing-pcint, for 

example. To accomplish this end the following plan has been adopted : — 

The thermometers are first immersed in melting snow or ice. The mercury 

will bo observed to stop in each thermometer-tube at a certain faeigfat ; them 

heights are then marked upon the tubes. Now it has been ascertained that 

at whatever time and place the instruments "^ may be afterward immersed in 

meltmg snow or ice, the mercury contained in them will always fix itself al 

the pomt thus marked. This point is called the freezing pomt of water. 

Another fixed point is determined by immersing the Instruments in boiling 

water. It has been found that at whatever time or place the instruments 

are immersed in pure water, when boiling, provided the barometer stands at 

the height of thirty inch<^ the mercury will always rise in each to a certain 

height This, therefore, forms another fixed point on the scale, and is called 

th^ boiling pomt 

Thus far all thermometers are constructed alike. In the 

JhJrmometer^ thermometer most generally used, and which is known as 

of Fahrenheit Fahrenheit's, the intervals on the scale, between the fheering 

gndaatedf ^^ boiUng pomta> are divided into 180 equal parts. Thi3 
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^Vision is ^mOarly continued below the freeing point to 
the place 0, called zero, and each division upward from that 
is marked with the successive numbers 1, 2, 3, etc. The 
freezing point will now be the 32d division, and the boiling 
point wUi bo the 212th division. These divisions are called 
degrees, and the boiling point will therefore be 212°, and the 
fieeziug temperature, 32°. Fig. 203 represents the usual form 
of thermometer, with its graduated scale. 

Thermometers of this character are called Fahrenheit's^ 
from a Dutch philosophical instrument-maker who first Intro- 
doced this method of graduation in the year 1724. 

wh*t other 537. In addition to Fahrenheit's 

SSSS'Sihren- thermometer, two others arc ex- 
heif 8 aroused? tensivelj usod, which are known 
as Reaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 

The onlj difference between these three 
kinds of thermometers is the difference in 
graduating the interval between the froezing 
and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 

one hundred, and Fahrenheit's into one hundred and ei^jhty. 

Acoordmg to Reaumur, water freezes at 0<>, and boils at 80® ; 

according to Centigrade, it freezes at 0°, and boils at 100° ; 

and according to Fahrenheit, it freezes at 32<>, and boils at 

212®; tlie last, very singularly, commences counting, not 

at the freezing point, but 32® below it. 

The difference between these 



What eonsti- 
tates the dif- 
ference be- 
tween the dif- 
ferent varieties 
of the ther- 
mometer? 



Fig. 
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instruments can be easily seen 
by reference to Fig. 204. 

In England, Holland, and the 
United States, the thermometer >: --;-i:^ 
most generally used is Fah- ^ 
renheit's. Reaumur's scale is used in Ger- 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. Tlie scale 
of the Centigrade is by for the simplest and 
most rational method of graduation, and at the 
present it is almost universally adopted for 
scientific purposes. 

538. The thermometer was invented about 
the year 1600; but, Hke many other inven- 
tions, the merit of its discovery is not to be 
ascribed to one person, but to be distributed 



among many. 
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B is Id f ^^^' '^^ ^^ ten^eratore is km^red, the inereiiTy in Fa&. 
great iatendty renheit's thermoQieter gradually doks, until it reaches a pciot 
ladioated f 390 below zero, where it freezes. Mercury, therefore, can not 

be made available for measuring cold of a greater intensity. This difiOcolty 
is, however, obviated by using a thermometer filled with alcohol colored red, 
as this fluid, when pure, never freeees, but will ocMotmue to dnk lower and 
lower in the tube lis the cold increasea Such athermomet^ is called a 
spirit thermometer. 

H is h t f ^^' ^^^ Fahrenheit's thermometer be heated, the mercury 
great intensity contained in it will rise in the tube until it reaches 66O0, at 
meaitared ? j^fiuch temperature it begins to boiL A slight additional heat 

forms vapor sufficient to burst the tube. Mercury, therefore, can not be used 
to measure degrees of heat of greater intensity than 660^ F. Temperatures 
greater than this are determined by means of the expansion of solids ; and 
instruments founded upon this principle are commonly called pyrometers. 



Fia. 205. 




Fia. 206. 



• , 1- Ai, The construction of the pvrometer is represented in Fig. 

Explain the ^^. ^ «.* , ^ ■, I j -i> . j. 

eonstmctionof 205. A represents a metallic bar, fixed at one end, B, but 
the pyrometer, j^j^ f^Q^ ^^ ^jj^ ^^j^g^^ ^^ ^ contact with the end of a pointer 
K, moving freely over a graduated scale. If the bar be heated by the flame 
ol alcohol, the metal expands, and pressing upon the end of the pointer, moves 
it, in a greater or less degree. In this manner, the effect of heat, applied for 
a given lengtii of time, to bars of different metals, having the same length and 
diameter, may be determined. 

^-. ^ - 541. The first thermometer 

What is an 

air-thermome- used consisted of a column of 

^^ air confined in a glass tube over 

colored water. Heat expands the air and m- 
creases the length of the column downward, 
pushing the water before it: cold produces a 
contrary effect. The temperature is thus indi^ 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 




r TBB mrscTS OF bxat. 237 

•^^ ^ A thermometer does not inform as how mndi beat any sob- 

mometer in- Stance oontalna, but it merely points oat the difference in the 

form uB how temperature of two or more subatanoesL All we learn by tiie 
much heat a,*^ .... *.,. 

substance con- thermometer is whether the temperature <h one body is greater 

^^^'^^ or less than that of another^ and if there is a diffeienoe, it is 

expressed numerically — namely, by the degrees of the thermometer. It must 

be remembered that these degrees are part of an arbitraiy scale, aelecled tor 

convenienco, without any reference whatever to the actual qoantity of beai 

present in bodies. 

After the ex- 542. The first effect prodaoed by heat upon 
JSJSby he^ soKds is expaDSioiL If the heat he augmented, 
fcrti8**JwSobI *^®y change their aggregate state and melt, 
■^«*' or become liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and iron can be forged or welded. 
whatteLique- 543. By Liqucfactiou we understand the 
*^***' conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constitueDt 
particles asunder to such an extent that the force of cc^esion is overcome or 
destroyed. 

What is Sola- ^^4. Wheu a solid is immersed in a liquid, 
*^**^' and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

_. . , When a fluid has dissolved as much of a solid as it is 

Whenuasola- 

tlon said to be capable of doing, it is said to be saturated ; or, in other words, 

■atarated? ^j^ affinity or attraction of the fluid for the solid contmues to 

operate to a certain point, where it is overbalanced by the cohesion of tbo 

solid; it then ceases, and the fluid is said to be saturated. 

... A solution is a complete union : a mixture is a mere me- 

noir aoes a ,,,.-, ,. 
■oliitioii differ chamcai union of bodies. 

finwm^ a mix- j^ „jQgj. QQgQQ^ the addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
more sugar than cold water; and hot water will also dissolve many things 
which cold water is unable to afEect 
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What is va- 645. If heat be imparted in snfBcient quan- 
poriKitionf ^j^y ^Q ^ ijjjjy jj^ ^ liquid state, it will pass into 

a state of vapor. Thus, water being heated sufficiently 
will pass into the form of steam. This change is called 
Vaporization. 

What is Con. 546. If a body in a state of vapor lose heat 
densation? jjj sufficient quantity, it will pass into a liquid 
r.ate. Thus, if a certain quantity of heat be abstracted 
from steam, it will become water. This change is called 
Condensation. 

The change from a state of vapor to a liquid is termed condensatioDi be- 
cause, in so doing, tlio body always undergoes a very considerable diminution 
of volume, and therefore becomes condensed. Host solids become liquefied 
before thev vaporize ; but some pass at once, on the application of beat, from 
the state of a solid to that of a vapor, without assuming the liquid condition. 

647. The melting of a solid, or its conver- 

i!r*"^teilipei5l sion iuto a liquid, only occurs when the solid 

for rteX-^ is heated up to a certain fixed point ; but the 

ono vapors (jQny^rgioQ of a liquid into a vapor takes place 

at all temperatures. 

If in a hot day wo expose a vessel filled with cold water to the open aln 
we find that the quantity of water rapidly diminishes, that is, it evaporates^, 
which means that it is converted into vapor and diffused through the air. 
wh'.t !■ the 548. The vapor of water, and all other va- 
appearanoe of p^^g^ ^j^ invisible and transparent. The water 
which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it fi>rm8 mist, cloud, dew, or frost. 

Steam, which is the vapor of bdling water, is invisible, but when it comes 
in contact with air. which is cooler, it becomes condensed into small dropsy 
and is thus rendered visible. 

The proof of this may bo found in examining the steam as it issues finom 
an orifice, or the spout of a boiling kettle : for a short space next to the open- 
in^ no steam can be seen, since the air is not able to condense it; but as it 
spreads and comes in contact with a larger volume of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popularly called steam, should be, therefore, distin* 
gu!shed from steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an ah* or vapor nt all, but a cdleo- 
tion of minute babbles of water, wsdfted by a current either of true steam, oi; 
SQore firequeotly, of aiaro motft ais. 
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Is a boiling 
tempvratore 
ruquisice for 
the prodnctioa 
ol steam t 



I» rapor al- 
irays preieat 



The myriads of minitte globales of water into wbidifhe steam fa coodensed 
are separately invisible to the naked eye, but each,' nevertlieleai^ reflects a 
minate ray of white light. The multitude of these reflecting ifuinta^ thcre- 
fjre, make tlie space tbrough which ibey are diffused appear Lke a tloady 
body, more or less white, according to their abnndano& 

The surface oi any watery Uqoid, whose tempeiatore is 
about 20^ wanner than any saperincombent air, rapidly gives 
off true steam. It is not necessary, therefore, ibr the prodoo- 
tion of steam that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
dry air) is not known to exist in nature, and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, ex;;ands to nearly 1700 times its yglame. 

Fig. 207 represents the comparative p^ ^^^ 

volume of water and steam. 

Is tho denritr 551. Vapors are 
f^T" of aU degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

Tlie opinion formerly prevailed that va- 
pors could not exist by themselves as 
such, but that they were dissolved in the 
air in the same way as salt is dissolved m 
water. The fallacy of this idea is proved 
by the fact that evaporation goes on more 
rapidly in: a vacuum, where no substance whatever is present, than in the 
air. 

What drcuTn- 552. Evaporation takes place from the sur- 
^STIt^^ f^ces of bodies only, and is influenced in a 
****"' great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

How does tpm- ^® ®^®^ °^ temperature in promoting evaporation may be 
peratura infln- fliastrated by placing an equal quantity of water in two san* 
rjM^ •vmpon- ^^j^ ^^^ of which is placed in a warm and dry, and the other 
in a cold and damp^ atoatUm. The former will be quite dry 
be&ns tbs Uitter has soflforad as appradabk dimiantion. 



iaair? 



What is the 
reladre space 
occupied by 
liq'iidsandva- 
porst 
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»<nr do6f Um "WTiea water ia oorered by » stntom of diy «r, the erapo- 
•tate of Um air ration is rapid, erea when its temperatore is low ; whereas it 
oration? ^^'"^ ®°^ **"* ^^'y slowly if the atmosphere contains mudi Tapor, 
even though the air be very warm. 

Evaporation is iar slower in still air than in a cmrent The air imme- 
diately in oomtact with the water soon becomes moist^ and thus a check is 
put to evi^KMration. But if the air be removed by wind from the sur&ce of 
the water as soon as it has become charged with Tapo", and its place 
8iq)plied with ftesh air, then the eraporation continues on without intei^ 
ruption. 

Evaporation Is by no means confined to the sui&ce of liquids; but takes 
place fiom the sui&ce of the soil, and from all animal and vegetable produo- 
tlons. Evi^xsration takes place to a very consid^able extent from the 8ur« 
fiice of snow and ice^ even when the temperature of the air is fiir below the 
fireeodng point 

What rinmltf ^^' ^ ^^^ singular drcumstanoe is connected with the 
cinamabuiee diffusion of vapors throughout the atmosphere, viz. : that the 
irith tiw^d^ vapors of all bodies arise into any space filled with air, in 
tfoBM vapon? the same manner as if air were not present^ the two fluids 
seeming to be independent of eadi otiier. 

Thus ss mudi vapor of water can be forced into a vessel filled with air as 
into one firom which the air has been exhausted. 

ExDlai fh *^'*' ^^®** * ^^ ^ water fiUls upon a surfece highly 

pheaomena of heated, as of metal, it will be observed to roU along the sur- 
■f^sSw^of ^'^ without adhering, or immediately passing into vapor. 
Uqaida. The explanation of this is, that the drop of water does not in 

reality touch the heated surfiioe, but is buoyed up and sup- 
ported on a layer of vapor which intervenes between the bottom of the drop 
and the hot surCice. This vapor is produced by the heat which is radiated 
flrom the hot substance, before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated sur- 
face drives it forward. The drop evaporates slowly, because the layer of 
vapor between the hot sur&ce and the liquid prevents the rapid transmis- 
sion of heat The liquid resting upon a cushion of steam continually evolved 
from its lower sur&ce by heat, assumes a rounded, or globular shape, as the 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition which water and 
other liquids assume when dropped upon very hot sur&oea, is that of Um 
" spheroidal state." 

If the sur&ce upon which the liquid rests ia cooled down to sucSi an ex* 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the sur&ce, and heat being com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of toochhig 
a flat-iron with moisture to ascertain whether the surface is sufficiency boti 
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If the temperature of the iron is not elevated sufBdently, the moisture wets 
the 8ui£bu», and is evaporated ; but at a higher degree of temperature) the 
moisture is repelled. 

The phenomenon of the spheroidal condition of water furnishes an explanft- 
tion of the feats often performed by jugglers, of plunging the hands with im- 
punity into molten lead, or iron. The hand is moistened, and when passed 
into the liquid metal the moisture is vaporized, and interposes between the 
metal and the skin a sheath of vapor. In its conversion into vapor, the 
moistiiie absorbs heat, and thus still further protects the skin. 
What is ebni. ^^* When a liquid is heated sufficiently to 

littonf f^j.^ steam, the production of vapor takes 
pldjpe principally at that part where the heat enters ; and 
when the heating takes place not from above, but from 
the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the' phenomenon 
of boiling, or ebullition. 

What is ih« ^6. The temperature at which vapor rises 
boiiingpoint? ^j^]j sufficient freedom to cause the phenome* 
non of ebullition, is called the boiling point. 
Is Che toiitag •^57. Different liquids boil at different tem- 
KtM«}id?thi peratures. The boiling point of a liquid is, 
■■^' therefore, one of its distinctive characters. 

Thus water, under ordinary circumstances, begins to boil when it is heated 
up to 212'> F.; alcohol at I73<>; ether at 96°; syrup at 22lO; Unseed oil 
at640O. 

The gentle taremor, or undulation, on the surface of water 
meriDgf whidi precedes boiling, and which is termed '' simmering," is 

owing to the collapse of the bubbles of steam as they shoot 
upward and are condensed by the colder water. The first bubbles which 
form are not steam, but air which the heat expels from the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
longer condensed and collapsed, but rise through to the sur&ce ; and the 
moment that this takes place boiling commences. The singing of a tea-kettle 
before boiling is occasioned by the irregular escape of the air and steam ex- 
pelled from the water through the spout of the tea-kettle, which acts in the 
manner of a wind-instrument in producing a sound. 

H w does th '^®' ^*^"**^"» ^^ g^^^ being boQed in open vessels, are 

praamra of tbe subjected to the pressure of the atmosphere. The tendency 
SStJS'iSSlM ®^ *^'^^ pressure is to prevent and retard the particles of 
of liquids? water from expanding to a sufficient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
different times and places, or if it be increased or diminished by artificial 
, the boiling point of a liquid will undergo a corresponding change. 
11 
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now may tba 



559. As ire ascend into the atmosphere the p reaww » is di- 
t«mperatnT« ai minisbed, because tbeie is less of it above ns ; it therefore 
bS?be^lSi ^^^^ **^* ^«^«*®' ** different heights in the atmosphere iriU 
for determin- hoil at different temperatures, and it has been found bj ob- 
iii«eleTatiootr genratioii, that an election <tf 650 feet above the levd of the 
aea canses a difference of one degree in its boiling point. Hence the boilii^ 
point of water becomes an indlca^n of the height of anj station above the 
sca-leyel, or in other worda^ an indication of the atmospheric pressure ; and 
thos by means of a kettle of boiling water and a thermometer, the height of 
the summit of any mountain may be ascertained with a great degree of ac- 
curacy. If the water boib at 211^ by the thermometer, the height of the 
place is 550 feet ; if at 210^, the height is 1100 feet^ and so on, it being only 
necessary to multiply 550 by the number of degrees on the thermometer 
between the actual boiling point and 212^, to ascertain the elevation. In the 
ctfy of Quitt>, in South America, water bofla at 194o 3/' F. ; its height above 
the sea-level ia^ therefore, 9,541 ieet 

As we descend into mines, the pressure of the atmosphere is increased, there 
bcmg more of it above us than at the 8ur£ice of the earth. Water, therefore^ 
must be heated to a higher temperature before it will boil, and it has been 
found that a descent of 550 feet^ as before, makes a difference of one degree. 
_ ^. 560. In a like manner, if by artificial means we increase or 

boUing point diminish the pressure of the atmosphere on the surface of a 
^hmmnd^arti!? ^^uid, we change its boiling point If water be heated in a 
fidaUyf vacuum, ebullition will commence at a point 140^ lower than 

in the open air. If a vessel of ether be placed under the re- 
ceiver of an air-pump^ and the atmospheric pressure removed from its suifico, 
tlio vapor rises so abundantly that ebullition is produced without any in« 
crease of temperature. 

n ^ iM Several beautiful applications in the arts have been made 

boiled in the of the principle that liquids boil at a lower temperature when 
jroe^ of re- g-Qg^ g^Q^ ^^ pressure of the atmosphere than in the open 
air. 

In the refining of sugar, if the syrup is boiled in the open air, the temx>era- 
ture of the boiling point is so high that portions of the sugar become decom- 
posed by the excess of heat, and lost or injured ; the syrup is ther^ve boaed 
in close vessels fiY>m which the air has been previously exhausted, and in this 
way the water of the syrup may be evaporated at a temperature so low as to 
prevent all injury firom heat. 

For cooking, this application could not be carried out The water might; 
indeed, be made to boil at a temperature much ]ess than 212^, but owing to 
its diminished heat would not produce the desired effect 
whatisdistn. 361. Distillation is a process by which oxxq 
' ^^^^ body is separated from another by means of 
heat^ in cases where one of the bodies assumes the form 
of vapor at a lower temperature than the other ; this first 
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Fig. 208. 



rises in the form of vapor, aind is received and condensed 
in a separate vessel. 

By this meaDS very volatila bodies can bp easily separated from less Tcla- 
tile ones; as brandy and alcohol from the less volatile water which may be 
mixed with tliem. Water of extreme purity can also be obtained by distil- 
lation, because the non-volatile and earthy substances contained in all spring 
waters do not ascend with the vapor, but remain behmd in the vessel 

DistillatiDn upon a small 
ecala is effected by means 
of a peculiar-shaped vessel, 
called a retort, Fig. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms, 
passes through the neck of 
the retort into a glass re- 
ceiver set into a vessel filled 
with cold water, and is then 
condensed. 

When the operation of distillation is conducted on an extensive scale, a largo 




Fig. 209. 



vessel called a " sUlV^ is used, and, for con- 
densing the vapor, vats are constructed, 
holding serpent'me pipes, or "worms," 
which present a greater condensing sur- 
face than if the pipe had passed directly 
through the vat To keep the coil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in whieh 
is fixed a copper vessel, or still, to contain 
the liquid. Heat being applied, the steam 
rises in the head, &, and passes through 
the worm, d^ which is placed in a vessel 
of water, the refrigerator. The vapor 

thus generated is condensed in its passage, and passes out as a liquid by the 

external pipe into a receiver. 




What is the 



The difference between drying by heat and distillation is, 
diference bc^ that in one case, the substance vaporized, being of no use, is 
v'^'^hait '^^anS «kllowed to escape or become dissipated in the atmosphere ; 
dktiiiation? while in the other, being the valuable part, it is caught and 
condensed into the liquid form. The vapor arising fix)m damp linen, if caught 
and condensed would be distilled water ; the Vapor given out by bread while 
baking, would, if collected, be a spirit like that obtained in the distillation of 
grain. 

What 1 bU- ^^^' '^^ ^^^ substances, by the application of h6at, pass 
. mationr directly from the solid condition to the state of vapor, so some 

gubstanoes, as camphor, sulphur, arsenic, etc, when var 
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by heat, deposit their condensed vapors in a solid form. Thid prdcees la 
termed sublimation. 

What remark- 563. One of the most remarkable circum- 
fte^attoilSg stances which accompaoy the phenomena, 
^^SriSdon"?* ^*t of liquefaction and vaporization, is the 
disappearance of the heat which has effected 
the change. 

How may this Thus, if a thermometer be applied to a mass of snow, or ico 
prineiplo be U- just upon the point of melting, it will be found to stand at 
Iiutratadr gjo p^ jf the ice be placed in a vessel over a fire, and the 

temperature tested at the moment it has entirely melted, the water produced 
will have only the temperature of 32°, the same as that of the original ice. 
Hea^ hawe^er, during the whole process of melting, has been passing rapidly 
into the vessel from the fire, and if a quantity of mercury, or a solid of the 
same size, had been exposed to the same amount of heat, it would have con- 
stantly increased in temperature. It is dear, Hierefore, that the conversion of 
ice, a solid, mto water, a liquid, has been attended with a disappearance of heat 

Again : if one pound of water, having a temperature of 174°, be mixed with 
one pound of snow at 32°, we shall obtain two pounds of water, having a 
temperature of 32°. AH the heat, therefore, which was contained in tho 
hot water is no longer to bo detected by the thermometer, it having been en- 
tu^ly used up, or disposed of in convertiog snow at 32° mto water at 320. 
Such disappearances always occur whenever a solid is converted into a liquid. 

H however, a pound of water at 32*», instead of ice at the same tempera- 
ture, had been mixed with a pound of water at 1 74°, we shall obtain two 
pounds at 103°, a temperature exactly intermediate between the temperatures 
of the components But if the pound at 32° had been soUd instead of liquid, 
then the mixture, as before explained, would have had a temperature of 32o. 
It is evident, therefore, that it is the process of liquefection, and it alone, which 
renders latent or insensible all that heat which is sensible when the pound 
of water at 32° is liquid. 

In the same manner heat disappears when a liquid is con- 
absorptiSn of verted into a vapor. The absorption of heat, in this instance^ 
heat In erapo- jj^y ^jp easily rendered perceptible to the feelings by pouring 
ration be ren- J , V. ,..,;., -i-i j. %. 

dered evident? a few drops of some liquid which readily evaporates, sucn as 

ether, alcohol, etc., upon the hand. A sensation of cold is immediately ex- 
perienced, because the hand is deprived of heat, which is drawn away to eflfect 
the evaporation of the liquid. On the same principle, inflammation and fever- 
ish heat in the head may be allayed by bathing the temples with Cologno 
water, alcohol, vinegar, eta 

If we surround the bulb cf a thermometer loosely with cotton, and then 

moisten the latter with ether, the thermometer will speedily fall several d^^reea* 

n not ^ater when placed in a vessel over a fire, gradually at- 

▼ater *1mTOrt tains the boiling temperature, or 212° ; but afterward, how 

JfuSbSu^* «vcr much we may mcrease the fire, it becomes no hotter, all 
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the heat which is added serying only to oonyert the water at 212® from a 
liquid condition into steam, or vapor, at 212®. 

664. If we immerse a thermometer in boiling water, it 
know ^that^* Stands at 212® ; if we place it in steam immediately above it, 
■team at 812" jt indicates the same temperatme. We know, however, that 
ia hotter than . , .,. . ^^ 

water at the Steam contains more heat than boihng water, because if we 
■ame tempera- j^^^ ^^ ounce of water at 212® with five and a lialf ounces of 
water at 32^, we obtain six and a half ounces of water at a 
temperature of about 60^ ; but if we mix an ounce of steam at 212^ with five 
and a half ounces of water at 32®, we obtain six and a half ounces of water at 
2120. The steam, trom which the increased heat is all derived, contains as 
much more heat than the ounce of water at the same temperature, as would 
be necessary to raise six and a half ounces of water from the temperature of 
60O to 212®, or six and a half times as much heat as would be requisite to 
raise one ounce of water through about 152^ of temperature. This quantity 
of heat will, therefore^ be found by multiplying 152^ by six and a half, 
which will give a product c^ 983<^ — ^tiie excess .of heat contained in an 
ounce of steam at 212^ over that contained in an ounce of boiling water at 
the same temperature. 

_. ^ . 665. In the conversion of solids into liquids, and liquids mto 

vYiiat oecomes .._ 

of the heat vapors by heat) we may suppose the heat» the sohd, and the 

pwJraln Uouel ^^^^ ^ ^v® respectively combined together ;— forming a 
faction and Ta- liquid in the one case, and a vapor in the other. A liquid, 
poriaation? therefore, may be regarded as a compound of a solid and 
heat) and a vapor as a compound of heat and the liquid from which it was 
Ibrmed. The beat which disappears in these combinations is called Latent, 
or Compound Heat. 

What axe '^^ absorption of heat consequent on the conversion of 

freezing mix- solids into liquids, has been taken advantage of in the arts for 
tares? 4|jQ production of artificial cold; and the compounds of dif- 

ferent substances which are made for this purpose, are called freezing mix* 
turesL 

,_. . ^. The most simple freezing mixture is snow and salt Salt 

wnr noes toe ,. ,,. ,,. ... - 

mtztora of dissolved m water would occasion a reduction of temperature, 

orodnce^inteoM ^^* when the chemical relations of two solids are such, that 
coldf on mixing^ both are rendered liquid, a still greater degree of 

cold is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter substances are used in preference to water. When the 
two are mixed, the salt causes the snow to melt by reason of its attraction 
lor water, and the water formed dissolves the salt : so that both pass &om 
the solid to the liquid condition. If the operation is so conducted that no 
heat is suppUed from any external source, it follows that the heat absorbed 
in liquefaction must be obtained from the salt and snow which comprise the 
mixture, and they must therefore suffer a depression of temperature propor- 
tional to the heat which is rendered latent 
In this way a degree of cold equal to 40® below the freezmg point of 
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R<nr great a Walter maj be obtain^ The appiicatioii of t2de experimetil 
degree of eoid ^ the freezing of ice-creams is familiar to all. 

can be obtaiii« 

ed by freeslng By mixing B&oir and sulphuric add together in proper pro- 
>n*xiuresf portions^ a temperature of 90^ be)o\r aero can bo obtained 

without difflcully. 

Why is the air ^'^ air in the spriDg of the year, when the ice and mow 
in spring cold are thawing^ is always pecuKady ccHd and chilly. Tliis is due 
and dimy ? ^ ^^ constant absorption of heat from the air by the ice and 
enow in their transition from a solid to a liquid state. 

_. ^ A shower of rain cools the air in summer, because the earth 

Why does a 

■boveri isoin. and the air both part with their heat to promote evaporation, 
mer cool the Jq ^ jj^q manner, the spriskling of a hot room with water 

cools it 
Why in ihe The dnuning of a country increases its warmth, since by 

warinih of a withdrawmg the water, evaporation is diminished, and less 
country pro* -,,,«,, 
moted by heat is subtracted from the earth. 

draining? jt^ danger arising from wet feet and clothes is owuig to 

Why do wet the absorption of heat from the body by the ev^soration from 
fcTd^to ?***U ***® surfeces of the wet materials ; the temperature of the body 
the heaUh of 13 iu this way reduced below its natural standard, and the 
the body ? proper circulation of tlie blood interrupted. 

666. The absorption of heat in the process by which liquids 
ti?T8Mel"oon- "^ converted into vapor, will explain why a vessel containing 
M iig water a liquid that is constantly exposed to. the action of fire, can 
flredoAr^ed? uever receive sUdi a degree of heat as would destroy it. A 
tin kettle containing water may be exposed to the action of 
the most fierce furnace, and remain uninjured ; but if it be exposed, without 
containing water, to the most moderate IQre, it will soon be destroyed. The 
heat which the fire imparts to the kettle contaming water is immediately ab- 
sorbed by the steam into which the water is converted. So long as water is 
contained in the vessel, this absorption of heat will contmue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will be 
frised, and the vessel destroyed. 

567. When vapors are condensed into li<i- 
eircnmstaneee uids^ and liquids are changed into solids, the 
become aensi- latent hcat Contained in them is set free^ or 
made sensible. 

If water be taken into an apartment whose temperature is several degreed 
below the freezing pomt, and aUowed to congeal, it will render the room sen- 
sibly warmer. It is, therefore, in accordance witli this principle that tubs of 
water are allowed to freeze in cellars in ord^ to prevent excessive cold. 

It is from this cause that oceans, seas, and other large collections of water 
are most powerful agents in equalizing the temperature of the inhabited parts 
of the globe. In the colder regions, every ton of water converted into ioa 
«SveB out and diffuses in the surrounding region as mash heat as would 
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raise a ton of water flrom 32^ to 114P ; and, on the other hand, when a riae 
of temperature takes place, the thawing of the ice absorbs a like quantity of 
heat: chos, in the one case, supplying heat to the atmoq^ere when the tem- 
perature £sdls; and, in the other, absorfoing heat fiom it when the temperatoie 
rises. 

In the winter, the weather generally moderates on the &n of snow ; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature increased. 

Steam, on account of the latent heat it contains^ is well 
Tn^r>" "team adi^ted for the warming of buildings, or for coddng. In 
adapted for passmg through a line of pipes^ or through meat and yegeto- 
^^n»n| and ^j^ ^^ ^ condensed, and imparts to the adjoining surfaces 
nearly 1000° of the lat^it heat which it contained before 
condensation. 

Steam bums much more severely than boiling water, for the reason that 
the heat it imparts to any surface upon which it is omdensed is much greater 
than that of boiling water. 

lafheqnantitT ^^8. All bodics coDtaui incorpoiated with 
ho^^ tte**^ them more or less of heat ; but equal weights 
■■°^' of dissimilar substances, having the same sen- 

sible temperature, contain unequal quantities of heat. 

Thus if we place a pound of water and a pound of mercury 
be demon- over a fire, it will be foimd that the mercury will attain to any 
Btratcd? given temperature much quicker than the water. Or if we 

perform the converse of this experiment, and take two equal quantities of 
mercury and water, and having heated them to the same degree of tempenip 
ture, allow tbem to cool freely in the air, it will be found that the water will 
require much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cooL 
'VTbmt is thA ^^^* Dissimikr substances require, respectively, diOcrent 
meaning of the quantities of heat to raise their temperatures one degree ; and 
^Jj spediic f^Q quantity of heat necessary to produce this effect upon a 

body is termed its specific heat In like manner, the weight 
which a body includes under a given volume, is termed its specific gravity, 
whatta under- ^'^^' ^ substancc is said to have a greater 
stood bycapac Or Icss Capacity for heat, according as a greater 
*^ ^' or less quantity of heat is required to produce 

a definite change of temperature, or an elevation of tem- 
perature of one degree. 

How does the ^^ general, the capacity of bodies for heat decreases with 
capacity for beat their density. Thus mercury has a less capacity for heat than 
l!toS^*?" water, because its density is greater. Air that is rarefied, or 

thin, has a greater capacity for heat than dense air. This 
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dicaiostance will explain, in part, the reason of the very low temperatares 
which eidst at great eleyations in the atmosph««. Persons ascending high 
moontain:^ or in baUoons, find tliat the cold increases with the elevation. 
Tbo reason of this is, that as the air expands and becomes rarefied, its capac- 
ity for heat is greatly mcrcased, and it therefore absorbs its own sensiUe 
heat. 

1; •- th ^^ ^^ quarters of the globe, the temperatare of the air at a 

limit of per- cortun height is reduced so low by its rarefaction, that water 

^petauimovf ^jjj^ ^j^ gj^jgj jjj 3 liquid state. This limits the height of 

which varies, being the most elevated at the equator, and the most deinesaed 

at tbe polos, is called the line of Perpetual Snow.* 

Air forcibly expelled from the mouth feels cool ; in this instance the cold is 
due to a sudden expansion of the air, by which its capacity for heat is in- 
creased. 

The oapadty for heat also increases with the temperature. Thus it requires 
a greater amount of heat to elevate the temperature of platinum from 212^ to 
2130, than from 32° to 33°. 

Of all known bodies, water has the gpreatest capacity for heat 

There are several different ways by means of which the car 
wZJ^^ tor V^^y ^^ bodies for heat may be determined. One method 
hemt la differ, consists ic indosmg equal weights of different bodies heated 
be McertlSnedr ^ *^® ^°*® temperature, in closed cavities in a block of ioe^ 
and measurmg the respective quantities of water which they 
produce by melting the ice. 

The same result may also ba obtained by what is called the method of mix- 
tures. Thus, if we mix 1 pound of mercury at 66^ with 1 pound of water at 
32°, the common temperature will be 33°. Hero the mercury loses 33° and 
the water gains 1° ; that is to say, the 33° <^ the mercury only elevates the 
water 1°, therefore the capacity of water for heat is 33 times that of mereuiy ; 
or, if we call the capacity or spedfic heat of water 1, then the capadty or 
Bpodflc heat of mercury will be l-33d or .0303. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, Uke air. 
eiirtidt/ofTi! Tbe tendency of vapors to expand is unlim- 
'^" ited ; that is to say, the smallest quantity of 

vapor will diflfuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* The line of perpetnal mow at the equator ooonn at a height of about 16,000 feet ; at 
the Straits of Magellan, It ooonn at an elevation of only 4,000 feet. 
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The force with which a vapor expands is called its elastic 

force, or tension. 

Tlie elasticitj or pressure of vapors is best illustrated in the case of steam, 
which may be considered as the type of all vapors. 

When a quantity of pure steam is confined in a dose vessel, 
iier to the^^!Bl i*s elastic force will exert on every part of the interior of the 
^f«>«e of vessel a certain pressure directed outward, having a tendency 

to burst the vessel. 
What is the When steam is generated in an open vessel its elastic fore* 
steam fonned ™^^ ^ equal to the elastic force or pressure of the atmos- 
in an open Tea- phere ; otherwise the pressure of the air would prevent it from 

forming and rising. Steam, therefore, produced from boiling wa- 
ter at 212^ F., is capable of exerting a pressure of 15 pounds upon every square 
inch of surface, or one ton on every square foot, a force equivalent to the 
pressure of the atmosphere. 

„ .. If water be boiled under a diminished pressure, and there- 

elastic force of fore at a lower temperature, the steam which is produced from 
CTMMd^r a- *' ^^^ ^^^® * pressure which is diminished in an equal de- 
minished? gree. I^ on the contrary, the pressure under which water 

bofls be increased, the boiling temperature of the water and 
the pressure of the steam formed will be increased in a like proportion. We 
have, therefore, the following rule : — 

To what is the 571. Steam raised from water, boiling under 
rtSm ^ii?ayl ^Dy givcB prcssure, has an elasticity always 
***"**' equal to the pressure under which the water 

boils. 

How is steam Steam of a high elastic force can only be made in close ves- 
of high elastic sels, or boilers. The water in a steam-boiler, in the first in- 
foroe generated f gtance, boils at 212°, but the steam thus generated bemg 
prevented from escaping, presses on the surface of the water equally as on 
the sur&ce of the boUer, and therefore the boiling point of the water becomes 
higher and higher ; or in other words, the water has to g^w constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it 

_ . The temperature of the water hi working steam-boilers is 

tent can water always much greater than 212*^. It should also be borne in 
der wwtoSt ^^^ *^* water, if subjected to sufiBcient pressure, can bo 
t) heated to any extent without boiliog. There is no limit to 

the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; but the expansive force of steam is so enormous 
tinder these circumstances, as to overcome the greatest resistance which has 
ever been exerted upon it 

. If a boiler, containing water thus overheated many degrees beyond the 
boiling point, be suddenly opened, and the steam allowed to expand, tho 

11 
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whole water is immediately blown oat of theTeesel «8 a mist by the steam 
formed at the same instant throughout every part of the mass. To uso a 
common expression, " the water flashes into steam." 

Steam, like water, may be heated to any extent when con- 
tent can steam fined and prevented from expanding witb the increase of 
der Dt«nonr temperature ; in some of the methods lately introduced for 
purifying oils, etc., the temperature of the steam, before its 
application, Is required to b3 sufficiently elevated to enable it to melt lead. 

Whrtissaper. 5*^2. Stcam which has been heated in a 
heated Steam? geparatc State to a high degree of temperature 
under pressure, is known as "Superheated Steam/' In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the manufacture of lard on an extensive scale the carcass of the whole 
hog is exposed to the action of steam at veiy high pressure, this acting upon 
the mass of flesh and bones, breaks up and reduces the whole to a fat 
fluid mass. Ordinary steam, under the same circumstances^ would dissolve 
nothing. 

Steam has also been recently applied to the carbonization of wood. For 
this purpose ordinary steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
vessel containing wood intended to be converted inta charcoal. The heated 
steam, penetrating into the pores of the wood, drives off the voLitile portlonS| 
the water, the tar, etc., and leaves the pure carbon alone behind. 

What is High. 573. Steam generated by water boiling at a 
pressure steam? y^j.y j,|gj^ tempcraturc, is known as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What reutioQ 5T4. The sum of the sensible heat of any 
MilSbi^^ilSd TOpor, and the latent heat contained in it, is 
latent beat? always thc same. 

It is an established iact that the heat absorbed by vaporization is always 
less the higher the temperature at which this vaporization takes place^ and 
just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat Thus, if water boils at 312^, the 
heat absorbed m vaporization will be less by 100® than if it boiled at 212*. 
And again, if water be boiled under a diminished pressure at 112®, the heat 
absorbed in vaporization will be 100® more than the heat absorbed by water 
boiled at 212®. 



THE STEAM-ENGIKS. 251 



SECTION IV. 

What to a ^7^* The Steam-Engine is a mechanical 
Bteam-Engine? contrfvance bjT which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor,* 

Howmuclime. "^^^ substance which furnishes the means of calling the 
chanicai force powers of coal into activity is water; two ounces of coal, with 
S'^hlcSmba * * proper arrangement will evaporate about one pint of watei; 
tloQ of two this will produce 216 gallons of steam, which can exert a 
ounces o coal? mechanical force equivalent to raising a weight of 37 tons to 
the height of one foot 

It has been found bj experiment that the greatest amount 
foree of a man offeree which a man can cxeit when applying his strength to 
Sr^ree g»n^ ^® **®^ advantage through the help of machinery, is equal to • 
erated by tiie elevating one and a half millions of pounds to the height of 
combustion of ^^^ gj^^ y^y. working on a treadmill continuously for eight 

hoursL A well-constructed steam-engine will perform the 
same labor with an expenditure of a pound and a half of coaL 
„ The average power of an able-bodied man during his activo 

toequiyalentto life, supposing him to work for twenty years at the rate of 
ttie whola ac- ^jgjj^ ]ioar8 per day, is represented by an equivalent of about 
a man f four tons of coal, since the consumption of that amount will 

evolve in a steam-engine, fully as much mechanical force. 
The great pyramid of Egypt is five hundred feet bigli, and weighs twelve 
thousand sevea hundred and sixty millions of pounds. Herodotus states that 
in constructing it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the consumption of 480 tons of 
coal, all the materials could be raised to their present position from the 
ground in comparatively little time. 

What Is th "^^^ greatest work ever known to have been performed by 

greatest amount a steam-engine, was to raise sixty thousand tons of water a 
J^J^J^^' foot high with the expenditure of one bushel of coal. This 
by a steam- work was accomplished by one of the engines employed in 
•°8^ ' the mines of ComwaU, England. 

* ** Coals are by it made to spin, weave, dye, print, and dress sflks, cottons, woolens 
mnd other doths; to make paper, and print books upon it when made; to convert corn 
Into flour; to express oil from the olive, laid wine ftrom the grape; to draw up mct&ls 
from the bowels of the earth; to pound and smelt it; to melt and mold It; to roll it 
and fiwhlon it into every deSimble form; to transport these manifold products of its own 
labor to the doors of those for whose convenience they are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
diiBcultles of wind and water; to cany the wind-bound ship out of port, to place her on 
the open deep, ready to commence her voyage ; to transport over the surface of the sea 
and the land, persons and information from town to town, and from country to country, 
with a speed as moeh exceeding the ordinary wind, as the ordinary wind exceeds that of 
a pedetMan.**i-rLafi{tMr. 
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Bow is stniii 576. Steam is rendered useful for mecbaa- 

made ftTailable • « • i i. •• i ^* 

for meehanicai ical purposes simplj Dj its pressure, or elastic 
'"^^^^ force. 

Steam can not, like wind and water, be made to act advantageouaijr hj its 
impulse in the open air, because the momentum ci so 
light a fluid, imless generated in vast quantities, would 
be inconsiderable. The first attempts, however, to 
employ steam as a moving power, consisted in direct- 
ing a current of steam from the mouth of a tube against 
the floats or vanes of a revolving wheel 

A machine of this kind, invented more than 2,000 
years ago by Hero of Alexandria, is represented in 
Ilg. 210. It consists cf a small hollow sphere, fur- 
nished with arms at right angles to its axis, and whose 
ends are bent in opposite directi<^i& The sphere 
is suspended between two columns, bent and pointed 
at their extremities, as represented in the figure : one 
of these is hollow, and couvitb steam from the boiler 
below, into the sphere; and the escape of the vapor 
ih>m the small tubes, by the reaction, produces a rotary motion. 

In ordor to render the prcfisiiro of steam practically availa- 
ble in machinery, it is necessary that it should be confined 
within a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlarged or diminished without 
impairing its tightness. When the steam enters such a ves- 
sel, its dastic force pressing agdnst some movable part, causes 
it to recede before it, and from this movable part motion is communicated to 
machinery. 

„ ,^ The practical armngement by which such a Fig. 211. 

How are these .^ T v u j • v i • in 

conditiona at- result IS accomplished is hy havmg a hollow 

tainedr cylinder, A B, Fig. 211, with a movable piston, 

D, accurately fitted to its cavity. When steam under pressure E 

in a boiler is admitted into the cylinder below thd piston, it ^ 

expands, and acting upon the under suriace of the piston, 

causes it t3 rise, Ming the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be cannerted at the 

bottom or side with a pipe, R, opening into a steam boiler, and 

on the other side with a pipe, B^ terminatmg in a vessel of 

cold water. Suppose the valve in R to be open, and that 

in B to be shut; steam then passing into the cylinder from 

the boiler will force the piston up to the top of the cylinder. 

Let the valve in B then be shut, and the valve in B be 

opened; the steam contained in the cylinder will pass out * 

of the pipe B, and coming in contact with cold water, in 

the vessel connected with it» will be condensed, and a vacuum tbraiM 



To render the 
pressure of 
■team aTaUa- 
ble in machin- 
ery, what con- 
dldona are 
neceasaryf 
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Fro. 212. beneath tiie piston. The preGemre of 

the atmo^bere then acting upon the 
other side of the piston, will drire 
it down. The posidon of the Talyes 
in R and B being reversed, the piston 
may be raised anew bj the admis- 
sion of more steam, to be condensed 
in its turn, and in this manner the 
alternate motion may be continued 
indefinitely. The alternating, or re- 
ciprocating motion of the piston, is 
converted, by means of a lever and crank attached to the top of the pis- 
ton-rod, into a rotary motion, soitable for driving-wheels, shafts, and other 
machinery. 

Such an arrangement as described constituted the first practical steam- 
engine. It received the name of the atmospheric engine, firom the fSwrt that 
the pressure of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

577. In modem engmes, the pressure of the atmosphere is 
not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the piston, at the same time 
that it is condensed or withdrawn from below, and thus 
exerts its expansive force in the returning as well as in tho 
ascending stroke. 

This results in a great increase of power. By the condensation or with- 
drawal of the steam, a vacuum is created below the piston, and the steam 
admitted into the cylinder above the piston, forces it through the vacuum 
with an ease and rapidity far greater than would be possible if atmosphcrio 
or other resistance wore to be overcome.* 

The withdrawal or condensation of the steam, in order to produce a vacuum 
either above or below the piston, is accomplished by opening at the proper 
time a communication between the cylinder and a strong vessel situated at a 
distance from it, called tho condenser. Into this vessel a jet of cold water is 
thrown, which instantly condenses tho stoam, escaping from the bottom of the 
cylinder, into water. 



What in the 
construction 
and operation 
of a oondens* 
ing steam-en- 
gine? 



• ** A proof of the extraordinary power obtained in this way, through the combustion 
of fuel, is presented in the following calculations : —One cubic inch of water Is conTerti- 
ble into steam, of one atmospheric pressure by 15} grains of coal, and this expansion of 
the water into steam is capable of raising a weight of one ton the height of a foot. The 
one cubic inch of water becomes very nearly one cubic foot of steam, or 1,728 cubic inches. 
When a vacuum is produced by the condensation of this steam, a piston of one square 
inch surface, that may have been lifted 1,728 inches, or 144 feet, wUl fall with a velocity of a 
heavy body rushing by gravity down a perpendicular height of 1.^,800 feet This would 
give the falling body a velocity, at the termination of its descent, eqnal to 1,300 feet per 
second, greater than that of the transmission of sound. From this we can form some 
estimate of the strength of the tempest which alternately blows the piston in its cylinder, 
when elastic steam of high-pressure is employed.**~iW'* R- D, Bogen. 
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A Eteam-engino of this character is called a condensing steam-engine, bo- 
cause the steam which has been employed in raising or depressing the piston 
13 condensed, after it has accomplished its object, leaving a vacuum above at 
below tho piston. It is also called a low-pressure engine, because, on ac- 
count of tho vacuum which is produced alternately above and below the 
piston, tho steam, in acting, does not expend any force in overcoming the 
pressure cf tho atmosphere. Steam, therefore, may be used under such condi- 
tions of low expansive force, or, as it is technically called, of " low-pressure." 

Tho practical construction cf tho 
piston and cylinder, and tho ar- FiG. 213. 

rangement of connecting pipes by f 

which the steam is admitted alter- 
nately above and below tho piston, 
is fully shown in Fig. 213. The 
valves, which aro of various formsy 
are connected by lovers witli the 
machinery, in such a way as to 
open and close with great ac- 
curacy at exactly tho proper mo- 
ment 

Ttru 4.1 v. 1. 578. In some 

pressure eu- engmes, the appa- 
^"®^ ratus for condens- 

ing the steam alternately above 
or below the piston, is dispensed 
with, and the steam, after it has 
moved the piston from one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish ihis, it is evident that 
the steam must have an elaslic 
force greater than the pressure of 
the atmosphere, or it could not 
expand and drive out the waste 
cteam on the other side of the piston, in opposition to the pressure of the air. 
4ji engine of this character is accordingly termed a " high-pressure" engine. 

High-pressure engines are generally worked with a pressure of from: fifty 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteen 
pounds must be expended in overcoming the pressure of the atmosphere, and 
tho surplus only can be applied to drive machinery. 

One of the most familiar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston in one direction is, by the return movement of the piston, forced out of 
the cyUnder into the smoke-pipe, and escapes into the open air with irregular 
puffs. 
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What «re the High-pressure engines are generally used in all situations 
Bdvantages and where simplicity and ligbtneas are required, as in the case of 
o?wS-prlw^ *^® locomotive; also in situations where a free supply of 
nre engines? water for condensation can not be readily obtained. As they 
use steam at a much higher pressure than the condensing en- 
gines, they are more liable to accidents arising from explosions. High-pres»> 
ure engines are less expensive than low-pressure, since all the apparatus for 
condensing the steam is dispensed with, the only parts necessary being the 
boiler, cylinder, piston, and valves. 

Wh i steam ^'^* ^* ^ ^°* necessary in the steam-engine that the steam 
Baidtobensed should flow continuously from the boiler into tho cylinder 
expansively? during the whole movement of the piston, but it may be cut 
off before it has fuUy completed its ascent or descent in the cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begun, thus saving a considerable quantity of steam at each 
movement. Steam employed in this way is said to be used expanmvely. 

To carry out this plan to tho best advantage, the 
expansive force of the steam must be greatly in- 
creased by working it under a high pressure. 

^ , ^^ 580. In many engines the supply 

Howisthemo- ^^ ^ xu i« j • 

tion of 8t€am. of steam to the cylinder is regu- 

Uted?* ^^^' ^^*^ ^y ^ apparatus called the 
Governor. This consists, as is rep- 
resented in Fig. 214, of two heavy balls, C and C, 
connected by jointed rods, D D', with a revolving 
axis. A- When the axis is made to revolve rap- 
idly, the centrifugal force tends to make the balls 
divefge^ or separate from one another in the same 
manner as the two legs of a tongs will fly apart 
when whirled round by the top. This divergence 
draws down the jointed rods, but a slower motion of the ass causes the 
balls, on the contrary, to approach each other, and thus push them up. 
These movements of the jointed rods in turn raise or lower the end of a bar, 
E, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — thus preserv- 
ing the motion of the engine uniform. 

In stationary engmes, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if the 
pressure of steam be less at one point than at another ♦ 

* Fig: 215 flIastrateB the principal parts of a condensing steam-engine and its mode of 
aetlon. 

Upon tbe left of the flgnrels the cylinder, frhich receives the steam from the boiler. 
A part of the side of the cylinder is cut away in order to show the piston, which mores 
alternately op and down according as the steam is admitted above or below it. By the 
rod A the piston trFa'.mits its alternating morements to the walking-beam, L, which is an 
enormons lever accurately balanced on its center, and supported by four columns. The 
walktog-beam, L, communicates its motion by means of a connecting-rod, I, to theerank, 




256 WELLS'S NATUBAL PHILOSOPHT. 

Fio. 215. 




681. Steam-boilers, which, although necessary to the generation of tho 
power, are quite independent of tho engine, are constructed of thick sheets 
of u*on or copper, strongly riveted together. 

K, by which a rotary moreTnent is eommanicated to tho wheel, V ; from this the power 
inay be applied by other wheels, or by bands and pulleys, to effect different operations. 

At the left of the cylinder is an arrangement of valves and pipes, by which the steam Is 
allowed to act alternately above and below the piston. After the steam has completed its 
jiction by forcing the piston to the extremity of the cylinder, it is necessary that it should 
be withdrawn, and a vacuum formed in its place. In order to accomplish this, the steam, 
after having acted, is caused to pass into the cylinder, O, which contains cold water, and 
is termed the condenser. Here it is condensed, and a vacuum formed in the cyliodcr 
above or below the piston, as the case may be. 

As the cold water of the condenser becomes quickly heated by the condensed steam 
withdrawn from the cylinder, it becomes necessary to constantly withdraw the hot water 
and replace it by cold water, in order that the condensation of the steam may take place 
as rapidly as possible. This is effected by means of two pumps ; the one, F M, which is 
called the " air-pump," which withdraws the hot water from the condenser, and with it 
any air that may be present either in the cylinder or the condenser ; the other, H lU 
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What are the "^^ essential requisites of a steam-boiler are, that it should 
essential req. possess sufficient Strength to resist the greatest pressure which 
Btoum'boUerr^ is ever liable to occur from the expansion of the steam, and 
that it should offer a sufficient extent of sur&oe to the fire 
to insure the requisite amount of yaporizatioa. In common low-pressure 
boilers, it requires about eight square feet of surface of the boiler to be ex- 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; and a cubic foot of water in its conyertion into steam equals one- 
horse power. 

The strongest form for a boiler, and one of the earliest which was used, is 
that of a sphere; but this form is the one which offers least surface to the 
fire. The figure <^ a cylinder Is on many accounts the best, and is now ex- 
tensiyely used, espedally for engines of high-pressure. It has the adyantage 
of being easily constructed from sheets of metal, and the form is of equal 
strength except at the endsi In such a boiler the ends should be made 
thicker than the other parts. 

eaUed the ** cold-water pomp/* draws from a well or river the cold water to supply the 
place of the heated water withdrawn from the condenser by the air-pamp. There is also 
a third pump, O Q, which is eaUed the ** supply** or ** feed-pnnip,'* because it pamps into 
the boiler the hot water which the air-pnmp withdraws from the condaiser, thus econ- 
omizing the consumption of fuel. 

The various parts of the engine (as shown in Fig. 816) are Illustrated in detail by the 
following descriptire explanation : — 

A— Piston-rod connected with the walking-beam, and transmitting to it the alternating 
movement of the piston. 

B, C, D, £— Arrangements of levers and joints, intended to guide and preserve the pis- 
ton-rod A in a perfectly rectilinear track during its up-and-down movementa 

F— Arm or rod of the air-pump, which removes the hot water and air from the eon- 
denser. 

O — Rod of the *' supply** or '* feed-pump,** which supplies to the boiler the hot water 
withdrawn from the condenser. 

H— Rod of the cold-water pump, which supplies the cold water necessary for con« 
densation. 

I— Connecting-rod, which transmits the motion of the walklng-beam, L, to the crank, JL 

M — Cylinder of the air-pump in communication with the condenser, O. 

O — Condenser filled with cold water, in which the steam after acting upon the piston is 
condensed. 

P— Piston, movable in the cylinder ; it receives directly the pressure of the steam upon 
the upper and lower surface alternately, and transmits its movements by means of the rod 
A to the rest of the machinery. 

8— Pipe conducting the hot water withdrawn from the condenser to the boiler. 

T— Pipe discharging the cold water from the cold-water pump into the condenser, O. 

U— Pipe conducting the steam from the cylinder, after it has acted upon the piston, into 
ibe condenser. 

V— Fly-wheeL 

Z— Cocnecting-rod, which transmits the movements of the eooentric, e, through the 
lever, Y, to the valves, b. The eccentric is a wheel fixed upon the crank-shaft, as seen 
at e. It is called an eccentric from the circumstance of the wheel not being concentric, or 
having a common center with the crank-shaft upon which it is fixed. It becnmes, there- 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves st b by the lever Y. These valves being alternately 
opened and closed by the movement of the rod Z, admit the steam alternately above or 
below the piston. 
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What is the 
eonitnictioa of 
a flue-boiler r 




locomotiye- 
boUerr 



A very great Improvement was Fio. 216. 

efieeted in the construction of steam- 
boilers bj placing a cylindrical Iui> 
nace within a cylindrical boiler, thus surrounding the 
heated surfaces with water upon all sides. By tUs 
metliod, all the heat, except what escapes up the 
chimney, is communicated to the water. Such boilers 
are known as *' flue-boilera." Their general form and 
plan of construction are represented in Fig. 216. 
__ . The requirements of a bo'der suit- 

peooiiaritiesof able for a locomotive are, that 

the greatest possible quantity of water should be evapor- 
ated with the greatest rapidity in the least possible space. 
The quantity of fuel consumed is a secondary consideration, as this can be 
(sarried in a separate vehicle. The principle by which this has been accom- 
plished, and the invention of which may be said to have made the present 
railway system, consists in carrying the hot product of the fire through the 
water m numerous small parallel flues or tubes, thus dividing tlie heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the surfaces, by which the water and the heating gases communicate, 
are immensely increased, the whole having a resemblance to the mechan- 
p, ..^ ism of the lungs of animals, in 

which the air and the blood are 
divided and presented to each 
other at as many points, and 
with as little mtervening matter 
between them, as is consistent 
with their separation. ¥1g. 217 
represents the interior of tlie fire- 
box of a locomotive, showing 
the opening of the tubes, which 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of combustion pass 
through these tubes, and finally 
escape up the smoke-pipe. It 
will be further observed by the* 
examination of the figure tbat 
the fire-box is double- walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, which receives the grate-bars. 

582. The safety-valve is generally a conical lid fitted 

safety-valve. ^^^ ^^® boiler, and opening outward; it is kept down by a 

weight, acting on the end of a lever, equal to the pressure 

which the boiler is capable of sustaining without danger from the steam 

generated within. If the amount of steam at any tune Q^ceeds the pressure^ 
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Fm 218 ^ oviarvuiues the resstance of 

the weight, lifts the ralve, and 
allows tiie steam to cscspe: 
When gaSdeat steam has 

fgCippd to Hinpjnkh the pfC^ 

sore, Um Tahre fidla back into 
its pboe^ and the boQer is as 

tight as if it had no sach opening. 

Pig. 218 represents the ordinary constmction of the saieljr-TalTe. 
How does a ^^^' ^® explosion of steam-boilera, when the safety-valTa 

diminatioD of IS in good condition and working order, is sometimes inex- 
S**ofte!i**oo- plJcab*® ; ^^^ explosions often lesoll from the engineer allow- 
cashra expio- ing the water to become too low in the boQeraL When this 
*°"' occurs, the parts of the boiler which are not covered with 

water, and are exposed to tlie fire, become highly overheated. li^ in this 
condition, a (resh supply of water » thrown into the boiler, it comes suddenly 
into contact with an intensely-heated metal snr&oe, and an immense amount 
of steam, having great elastic force, is at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the bofler the greater the explosion. 

What b a ^^^ ^^ degree of pressure which the steam exerts upon 
Bteam-guage T the interior of the boUer, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the '* steam'' or '' barometer-goage." It 
consists simply of a bent tube, A, G, D, Fia. 219. 

£, Fig. 219, fitted into the boiler at one 
end, and open to the lur at the other. 
The lower part of the bend of the tube 
contains mercury, whksh, when the pres- 
sure of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H R, in both legs 
of the tubel When the pressure of the 
steam is greater than that of the atmos- 
phere, the mercury is depressed in the 
leg C D, and elevated in the leg D K A 
scale, Cr, is attaciied to the long arm of 
the tube, and by observing the difference 
of the levels of tho roercory in the two 
tubes, the pressure of the steam may 

be calculated. Thus, when the mercury is at the saxne level hi both 
logs, the pressure of the steam balances the pressure of the atmosphere, 
and iA thereforo 15 pounds per square inch. If the mercury stands 30 
inohes higher in the long arm of the tube, then the pressure of the steam 
18 equal to that of two atmospheres, or is 30 pounds to the square mch, and 
so on. 
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„ ^, As fhe pressnre of steam increases with its temperatureL the 

How can the *^ , . . - , . ., , . , . 

preuure of pressure upon the interior of the boiler maj also be known by 

dtoiited ^y^^tL ™®^''® ^^ * thermometer inserted into the boiler. Thus it has 

thermometer r been ascertained that steam at 212^ balances the atmo^bere, 

or exerts a pressure of 15 pounds per square inch ; at 250^, 

30 pounds; at 275^, 45 pounds; at 294^, 60 pounds, and so on. 

- .^ ^. 586. The steam-whistie attached to locomotiye and other 

Describe the . . , , , . , . * 

•team-whieUe. engines is produced by causing the steam to issue ih>m a 

narrow circular slit, or aperture, cut in the rim of a metal cup; 

directly over this is suq)ended a bell, formed Wae the bell of a clock. The 

steam escaping from the narrow aperture, strikes upon the edge or rim of the 

bell, and thus produces an exceedingly sharp and piercing sound. The size 

of the concentric part whence the steam escapes, and the depth of the bell 

part, and their distance asunder, regulate the tones of the whistle from a 

shrill treble to a deep bass. 



SECTION V. 

WAEMINQ AND VENTILATION. 

Upon what 586. In the wanning and ventilation of 

^*^warainS l>uil(iing8, the entire process, whatever expe* 
Sf^XudinS ^i®o*s may be adopted, is dependent upon the 
depend? expansion and contraction of air ; or in other 

words, upon the fact that air which has been heated and 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 

What iB ven- 587. Ventilation is the act or operation of 
^^^oni causing air to pass through any place, for the 
purpose of expelling impure air and dissipating noxious 
vapors. 

The theoretical perfection of yentOation is to render it impossible for any 
portion of air to be breathed twice in the same place. 

_ In the open air, ventilation is perfect, because the breath, as 
tilatlon perfect? it leaves the body, is wanner and lighter than the surround- 
ing fresh air, and ascending, is immediately replaced by an 
ingress of fresh air ready to be received by the next respiration. 

Common air consists of a mixture of two gases, oxygen and 
once respired nitrogen, in the proportion of one fifth oxygen to four fifths 
unwholesome f nitrogen. By all the forms of respiration or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is diminished and 
impaired, and to exactly the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the animal system. 



ITABXISG ASD TESXIUkXIQK. 



sa 



fhsxAAir is re- 
quired sierhooi 
by a liealth/ 
man? 



Itiscakslitedaatai 

dot of iMA.}ftM pop bo^ l)^ 3 

fiw eiifaK iaet «r ar anix iar 1 

iog; anoeef^fy fire cofaac feet of air eoBianiaecsafaic feat «f 
oiTgeB. Iti 
abflorb aa much oxygen as an i 

To render the air of a coom p erib uUj pope^ tiv twkic feet of tfA 
hour, for each penoB, and two and a half eahic feet fer each caMOki, t 
be allowed to pass in, and an eq[aal fnaitin >p paai ooL 

588. From ereiT heated fiabstance, an up- 
i)?ard coirent rf ur is continuallj rising. 

Tlie exJsteooe aod feroe of this npvard • ■ laii ^ ii maj be 
shown in the case of an ordmarr store, hr •♦^^^i*^ to the 
aide of the pipe a wire on wfaidi a piece of thick paper aa in the fem of a 



In vhjit man- 
ner doesaheeft- 
ed ■ttbrtance 
generate a eiir-> 
renlofairf 



spiral is sospended, as is lepreseated in F^ 220. The 

\ipward current of hot air soiking against tbe Gor&oes 

of the coil canses it to reTohre lapidlj aroond the wire. 

rtri^ _^ Apart from the OGnsidentaoQ of coa- 

wnjarestorea ... , - 

and grates Temenoe, it IS neoessaiT that stoves and 

ta^^'^^ gratea,mteodedfcrwMimDg,8boQldbe 
located as near to the floor of the recm 
as possible; mnee the heat of a fire has rerf fittle ef- 
fect upon the air of an apartment below the level of 
tUe sor&ce upon which it is placed. 
^^ 589. Whenafireisl%^itedinastoTe 

■moke aseend OT gmte to warm a room, the anoke 
laachinmey? and Other gasBoos prodncts of oombos- 
Fig. 221. 



Fe.»Q. 








5^"^^ 



tioQ, being ligfato- than the air of the room, 
ascend, and soon fill the chimney with a 
column of air lighter, bulk for bulk, than 
acolmnnofatmoei^ericair. Soch a col- 
umn, therefore, will haye a buoyancy 
proportional to its relative lightness, as 
compared with the external air and the 
air of the apartment 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and eP 
fective just in the same proportion as th3 
column of air in the chimney is kept 
warm. 

Fig. 221 represents a section of a grata 
and chimney. G D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy column 
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of air outside the chinraej. The column A B being cold and hearj presaea 
down, the column G D being light and warm rushee up, and the greater the 
difference between the weight of these two columns, the greater will be the 
draft 

A chimney quicks the aacent of hot air by keeping a long 
chimneyquick- column of it together. A column of two feet high rises, or is 
en tiie aaoent pressed Up, with twice afl much force as a column of ono 
2ot\S "°^ * fi>o*i ftJ^d 80 in proportion for all other lengths^ust as two 
or mote corks; strung together and immersed in water, tend 
\';)ward with proportionably more force than a single cork. 

In a chimney where a column of hot air one foot in height is one ounoo 
lighter than the same bulk of external cold air, if the cbimney be one hun- 
dred feet high, the air or smoke in it is propelled upward with a foree of ooe 
hundred ounces. 

To what Is the ^^ ^^® ^^^ ^^ Sufficiently hot, the draft of 
cM^ney^^'pni *^® chimncy will he proportional to its length. 
portional t p^j. ^^^ reason, the chimneys of large manufiicturing estab* 

llshments are generally^ rery high. 

How Bhonid a A chimney should he constructed in such 
eofl!i?a^r a way that the flue or passage will gradually 
contract from the bottom to the top, being widest at the 
bottom, and the smallest at the top. 

Why Bhoald a '^^ reason of this will bo evident fh)m the following con- 
ehimaey be siderations: — At the base of the chimney, the hot oolamn of 
Sh?*miSS2-^ expanded air fills the entire passage; but as the hot air 
ascends it gradually cools and contracts, occupying less space. 
If, therefore, the chimney were of the same size all the way up, the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at the bottom, becau83 a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in great 
part, to the action of currents in the air, and to the foot, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather than 
ascend perpendicularly. 

The causes of " smoky chinmeys" are various, 
droumstan^* A chimney may smoke for want of a sufficient supply of 
will a chimney air. If the apartment is very tight, fresh air from without 
*°"^ will not be admitted as fast as it is consumed by the fire, and 

in consequence a current of air rushes down the chimney to supply the defi- 
ciency, drivmg the smoke along with it 

A chimney will often smoke when the heat of the fire is not soffldent to 
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rarefy all the air in tho chimney ; in such cases fbo eald air (eaodeosed in the 
upper part of the flue) will sink from its own wc^^ and sweep the asocsd- 
iDg smoke back into the room. 

When the fire is first lighted, and the dumney is filled witfa cdd aa; thzn 
is often no draft, and consequently the flame and snake noe into the rjcoi 
This, in most cases, Is remedied by the action of » '^Uowcr." 

A blower is a sheel of iron that stops op flie spaee abow 
I^SfaSowS? ^^^ »™te bars, and prevents ai^ air fii» emeniff the etan. 
ney except that which passes ttnoiigb tiie fnel and prodoees 
combustion. This soon causes the cohinm of air in the cfainmey to bsoome 
h Dated, and a draft of considerable Ibroe is qieedily piodaoed throogh the 
fire. The increase of draft increases the intense of the fire. 

Another frequent cause of smoky cbinmeys m, that wbsn Om tops tn 
commanded by higher boilduigs, or by a Infl, tbe wnl in blowing over t:j£m, 
falls like watar over a dam, and beats down the moksu Tbe remedy in sadi 
cases is, either to increase ^be be^bt of the chimney, or to fix a bonnet or 
cowl upon the topi The philosophy of this last contrirancs eonnsts in tbe Cet 
that in whatever direction the wind blowi^ tbe nootfa of the dumncy is 
averted £rom it. 

In a room artificially heated, there are al- 
motion of tbe wajTs two ciUTents oi air ; one oi nofc air now- 
arttfidauy^t. ing out of the room^ and another of cold air 
flowing into the room« 

If a candle be held m the doorway of sndi an npBilni c ul> near the floor, it 
will be found that the flame will be Mown inward; but if it be nuaed nearly 
to the top of the doorway, tbe flame will be blown ontwanL Tlie warm air, 
in this case, flows oat at the t<^ while tbe odd air flows in at tbe bottom. 

„ 590. An open fire-place diffefs greatly fivm a ckise stovo 

How does » , . ^., - . L ^ * J 

store diiler in respect to ventilacioi], masmiidi as the mnner warms and 

&r*™ iT™ ^^i^ ventilates an apartment, while the latter only warmi^ and can 
reject to ren- hardly be said to contribme at all to tbe ventilation. In a 
tUation? ^^^^^ stove, no air passes tfaroogh tbe room to tbe floe of 

the chimney, except that which passes through tbe fiiel, and the quantity 
of this is necessarily limited by the rate of combustion maintained in the 
stove. In an open fire-place, a large anxront of air is oontinaally rushing up 
the chimney throc^ the opening over the grate, irrespective of what passes 
through the fire and maintains combustion. 

- In summer time, when no fire is made in the chimney, the column of air 
in it is generally at a higher temperature than the external air, and a current 
will therefore in such case be established up the chimney, so that the fire- 
I^ace wiU still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external a!r is at a higher tem- 
perature than the air within the building, the effects are reversed ; and the 
air in the chimney being cooled, and therefore heavier than the external air, a 
downwaid current is established, which pcodaoes in. the room the odor of soot 
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Fig. 222 represents the lines of the currents descead- 
iog the chimney ftad curcnUting round an apartment 
How is a room "^ "'°™ " ^®^ ventilated bj opening 
the upper sash of a window; becaaso 
the hot vitiated air (which always as- 
cends toward the ceiling) can thus escape more easily. 
If the lower sash of the window be also partially opened, 
a oone^nndiag current of cold air, flowing into the 
room, is created, and ventilation will be ao effected move 
perfectly. 

Open fire-places are iU adapted for the 
economical heating of apartments, be- 
cause the air which flows from the room 
to the fire becomes heated, and passes 
off directly into the chimney, without having an oppor- 
tunity of parting with its heat for any useful purpoee. 
In addition to this, a quantity of the air of the room, 
which has been warmed by radiation, is uselessly carried 
away by the draft; 

The advaatages of a stove over an 

What are the « « « i- 

adyantageeand ^P®^ fire-place are as follows: 
duadvantogea 1. Bemg detached from the walls of 

the room, the greater part of the heat 
produced by combustion is saved. The radiated heat 
being thrown into the wails of the stove, they become hot, and in torn radi- 
ate heat on all sides of the room. The conducted heat is also received by 
successive portions of the air of the room, which pass in contact with the 
stove. 

2. The air being made to pass through the fu^ a small supply is suffi- 
cient to keep up the combustion, so that little need be taken out of the 
room; and 

3. The smoke, in passing off by a pipe^ parts with the greater part of its 
heat before it leaves the room. 

Houses warmed by stoves, as a general rule, are ill-ventilated. The air 
coming in CGQtact with the hot metal surfoces is rendered impure^ which un- 
purity is increased by the burning of the dust and other substances which 
settle upon the stove. The air is, in most cases also, kept so dry as to ren- 
der it oppressive. 

591. The method of warming houses by the ooaunon hot- 
air furnace is as follows :— A stove, having large radiating sur- 
foces, is inclosed in a chamber (generally of masonry). This 
chamber is firequently built witii double walls, that it may be 
a better non-conductor of heat. A current of air from with- 
out is brought by a pipe or box, and delivered under the stove. A: part of 
this air is admitted to supply the-combustion ; the rest passes upward in the 
oavity between the hot stove and the walls of the brick chamber, and, after 
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becoming thoroughly heated, Is conducted throagh passages in which its light- 
netss causes it to ascend, and be delivered in any apartment of the house. 
What tiro ^^ *^® construction and arrangement of a furnace for heat- 

pointo are of ing, the two points of special importance are, to secure a per- 
ISS^a tKS". ^-^ combustion of the fuel, and the best possible transmission 
struetionof fur- of all the heat formed, into the air that is to pass into the 
. '""^®" ' , rooms of tlie house. 

The first of these requisites is obtained bj having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
jmd bom most perfectly. 

Tho second requisite is obtained by providing a great quantity of surface 
in the form of pipes, drums, or cylinders, through which the smoke and hot 
gases must pass on their way to the chimney, and to which tbeir heat will be 
imparted, to be in turn delivered to the cold ai«d pure air of the rooms of 
tho house. 

What is the ^^^' '^^ ^^^^ advantages of heating by steam are, that 
advantagtt of the heat can be conmiunicated for a great distance in any di- 
JjJJ^f ^^ rection — ^upward, downvirard, or horizontally. As the tem- 
perature of the heatmg surfaces, when low-pressure steam is 
used, never exceeds 212^ F., the air in contact with them is never oontami- 
oated by the burning of dust, or the abstraction of oxygen. 

Under favorable circumstances^ one cubic foot of boiler will heat about 
two thousand cubic foot of suitably inclosed space to a temperature of 70^ to 
80° F. 

What Is fuel? ^^^' ^® ^PP^y *^® *®'*°^ ^"^^ *^ ^^y ^^^ 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants, or the products resulting from iheir de- 
composition, designated under the various names of wood, 
coal, &c. 

y^^^ ^_ In recently cut wood, from one fifth to one half of its weight 

Hon of the is water ; after wood has been dried in the air for ten or 
JilSer?'^'*^ twelve months, it will even then contain fix>m 15 to 25 per 
cent, of water. 
The amount of moisture in wood is greatest in the spring and summer, when 
the sap flows finely and the influence of vegetation is the greatest "Wood, 
therefore, is generally cut in the winter, because at that season there is but 
little sap in the tissues, and the wood is drier than at any other period. 

Woods are designated as hard and soft. This distinction is 
d^^^Itod^M grounded upon the facility with which they are worked, and 
hard and soft? ^p^^ ^jjgjr power of producing heat. Hard woods, as the 
oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiber, 
and their vessels are narrower and more closely packed than those of the 
iofter. loads, such as pine, larch, chestnut^ etc. 

12 
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What is tiia 594. The weight of wood varies greatly ; 
w^??S?wSod? from forty-four hundred pounds in a cord of 
dry hickory^ to twenty-six hundred in a cord 
of dry, soft maple. 

What Is the ^95. Fof fucl, the most valuable of the com- 
?5SrS*wood °^o^ kinds of wood are the varieties of hickory; 
for fuel? jifi^gf that, in order, the oak, the apple-tree, 

the white-ash, the dog-wood, and the beech. The woods 
that give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

* .* .A vf 636. The remark is sometimes made that " it is economy to 

It U profitable , ^ , ^ , , , , i 

to burn green bum green wood, because it is more durable, and tlierefore 

▼oodf in the end more cheap." This idea is erroneous. The con- 

sumption of g^reen wood is less rapid than dry, but to produce a given amount 
of heat, a far greater amount of fuel must be consumed. 

The evaporation of liquids, or their conversion into steam, consumes or ren- 
ders latent a great amount of caloric. When green wood or wet coal is added 
to the fire, it abstracts from it by degrees a. sufficient amount of heat to con- 
vert its own sap or moisture into steam before it is capable of being burned. 
As long as any considerable part of this fluid remains unevaporated, the 
combustion goes on slowly, the fire is dull, and the heat feeble. 

colli ^^^' ^^^ ^^^ hoxd, wood are not readily ignited by tho 
and hardwoods blaze of a match, because on account of their density the^ are 
nlte°'* witi *^a rendered comparatively good conductors, and thus carry oflf 
match? the heat of the kindling substance, so as to extinguish it, 

before they themselves become raised to the temperature 
necessary for combustion. 

Light fuel, on the contrary, being a slow conductor of heat, kindles easily, 
and, fi^m the admixture of atmospheric air in its pores and crevices, bums 
out rapidly, producing a comparatively temporary, though often strong heat 



CHAPTER XIIL 

METEOROLOGY. 



What is Me- ^^8. METEOROLOGY is that department of 
teoroiogy? physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

699. By climate, we mean the condition of a place in 
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What do W9 lelaiioa to the Tarioos plieiioiiieiia of the at- 
t^°cii^itof* niosphere, as tcmpaatme, moisture, etc. Thus, 
\?e speak of a warm or ouU climate, a moist 
or dry climate, eta 

How is the ^500. The mean or average temperatoie of 
S!taJfrf?S^ the day is found hy obs^riug the thermonieter 
found r Q^ &L&1 intervals of time during the twenty- 

f >ar hours, and then dividing the smn of the tempera- 
tures by the number of observations. ' 

Afc trhat time ^^^om SQcfa a acries of obsemtsoDB it has been band ibat 

is tiie tempe- tbe lowest tempefatore of the daj ocean siiartif befixe son- 

£^^gl^ riae^ and tbo behest a feir boma after 12 at noon, sooiewbat 

end lowest! later in aainiiier and a u iu emb at eaiiier in winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean dailj temperatme of an j plaoe seems to Taij in a r^jrnlar and 
oonstant manner, white the mean annual temperatore of the same location is 
Teiy nearly a constant quantity. Thna» by long obaerrations made in Phil- 
adelphia, it has been fiiond that tiie mean daily temperature of that locafity is 
one d^^ree less than the temperature at 9 o*dock, a. IL, at the same plaoe ; 
while the mean annoal temperatnre <^ Paris yaried only 4? in thirteen years. 

An the results of obs^radon seem to show that the sama quantity of heat 
is always annually distributed over the earth*s sor&oe, although unequally — 
that is to say, the average annual temperature of each place upon the earth's 
surface is very nearly the same. In our latitude, July is on the ayerage the 
hottest month, and January the coldest ; and in reference to particular daya^ 
we may on an ayerage consider the 26tfa <^ July as the hottest, and the 14th 
of January as the coldest day of the y6ar for the tomperate zone of the north- 
em hemisphere. 

Hoirdoegtem- The average annual temperature of the at- 
SiS**Si ^ mosphere diminishes from the equator toward 
*"*«' either pole. 

At the equator, in Brazil, the ayerage annual temperature is 84® Fahren- 
heit's thermometer ; at Calcutta, lat 22® 35' N., the annual temperature is 
^30 P. ; at Savannah, lat 32° 5' N. the annual temperature is 65® F. ; at 
London, lat 51® 31^ N^ the annud temperature is 50<> F. ; at Melyillo 
Island, lat 74® 47' K, the average annual temperature is 1® below zero. 
*Wh Isnotth ^^^' ^^ ^^® whole sorCice of tho earth were covered by 

tempentureof water, or if it were all formed of solid piano land, possessing 
inL^ti^*mme everywhere the same character, and having an equal oa- 
istftod* tm»f padty at aU places for absorbing and again radiating hef 
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temperatare of a place voold depend only on its geographical latitude, and 
oonseqoentlj all places having the same latitude would have a like climata 
Owing, however, to various disturbing causesi such as the elevation and form 
of the land, the proximity of the sea, the direction of the winds, etc., places 
of the same latitude, and comparatively near each other, have very different 
temperatures. 

In warm climates the proximity of the sea tends to diminish the heat; in 
oold climates, to mitigate the cold. Islands and peninsulas are warmer than 
continents ; bays and inland seas also tend to raise the mean temperature. 
Chains of mountains which ward off oold winds, ai^^ent the temperature^ 
but mountains which ward off south and west winds, lower it A sandy soil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

602. Air absorbs moisture at all tempera- 
capacity of air tures, and retttios it in an invisible state, 
formoistorer This powcr of tliB air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32^ can absorb an amount of moisture equal to thehuno 
dred and sixtieth part of its own weight, and for every 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32^ is doubled. Thus a body 
of air at 32** F. absorbs the 160th part of its own weight ; at 59** F., the SOth ; 
at 8G® F., the 40th ; at 113^ F., the 20th part of its own weight in molsturo. 
It follows from this that while the temperature of the air advances in an arith- 
metical series, its capacity for moisture is accelerated in a geometrical 6erie& 
When Is air -^.ir is Said to bc saturated with moisture 
Stod? ^ ■**•*' when it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sor^ 
face dries rapidly ; and that it is damp when moistened sur&ces dry slowly, 
or not at all, and the slightest diminution of temperature occasions a deposit 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea of the conditi6n of the atmosphere, since air 
which we term " dry," may contain much more moisture than that which we 
distinguish as " damp." For indicating the true condition of the atmosphero 
in reference to moisture, we therefore use the terms ^* absolute" and *' relative" 
humidity. 

When we speak of the absolute humidity of the air, wb 
by absohiteand ^*^® reference to the quantity of moisture contained in a given* 
reiatiTe humid* volume. By relative humidity, we refer to its proximity to 
^ saturation. Relative humidity is a state dependent upon the 

mutual influence of absolute humidity and temperature ; for .a given volume 
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of abr may be made to pass from a state of dampness to One of extreme dry* 
ness, by merely elevating its temperature^ and this, too^ without altering the 
amount of moisture it contains in the least degree. 
What are Hy- Instruments designed for measuring Ihe 
groiucters? quantity of moisture contained in the atmos- 
phere, are called Hygrometers.* 

n hafc Many organic bodies have the property of absorbing vapor, 

principle are and thus increasing their dimensions. Among such may be 
coSSSS^ mentioned hair, wood, whalebone, ivory, eta Any of these 
connected with a medianical arrangement by which the 
diange in volume might be registered, would furnish a hygrometer. 

A large sponge, if dipped in a 8(dution of salt, potash, soda, or any other 
substance which has a strong attraction for water, and then squeezed almost 
dry, will, upon being balanced in a pair of scales suspended from a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes from dampness to dryness. 

K we fix against a wall a long piece of catgut, and hang a weight to the 
end of it, it will be observed, as the air becomes moist or dry, to alter in 
length ; and by marking a scale, the two extremities of which are determined 
by observation when the air is very dry, and when it is saturated with moist- 
ure, it will be found easy to measure the variations. 
D rib «h "^^ mstrument called the " Hair Hygrom- 

** Hair Hy- eter," is constructed upon this principle. It 
giometer." consists of a human hair» fastened at one 

extremity to a screw (see Fig. 223), and at the other pass- 
ing over a pulley, being strained tight by a silk thread and 
weight, also attached to the pulley. To the axis of the 
pulley an index is attached, which passes over a graduated 
scale, so that as the pulley turns, through the shortening or 
lengthening of the hair, the index moves. When the in- 
strument is m^a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and is thus made longer, while 
in dry aur it becomes shorter; so that the index is of 
course turned alternately from one side to the other. 

The instrument is g^raduated by first placing it in air ar- 
tificially made as dry as possible, and the point on the 
scale at which the index stops under these circumstances, 
is the point of greatest diyness, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vapor, and under these cir- 
cumstances the index moves to xhe other end of the scale : i 
tills point, which is that of greatest moisture, is marked 

* Hi/grometeTf from the Greek words vypos (moist) and lurptw (mteSQX«). 
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100. The intenrening space Is then divided into 100 equal parts, vfaidi 
indicate different degrees of moisture. 
Sucli hygrometers are not, however, considered as altogether reliable 

SECTION I. 

PHSNOUENA AND PSODUOTION OF DET7. 

'arw*i-f^«.. 603. Dew is the moisture of the air con- 
densed by coming in contact with bodies colder 
than itself. 

What i« the 604. The temperature at which the conden- 
Dev-Pointr gatiott of moisture in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point." 

I« the d - "^^ P^'*** "* ^^ ^° means coDStant or invariable, since dew 
point a con- IS only deposited when the air is saturated with vapor, and 
■tant one ? ^]^q amomit of moisture required to saturate air of h^h tem- 

perature is much greater than air of low temperature. 

If the saturation be complete, the least diminution of temperature is at* 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its sur&co ; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point 

Dew may be produced at any time by bringing a vessel of 
^dacdon * of ^^^ water into a warm room. The ades of the vessel cool 
dew be ooea- the surrounding air to such an extent that it can no longer 
time? ^ *°^ retain all its vapor, or, in other words, the temperature of the 
air is reduced below the dew-point; dew therefore forms upoa 
the vessel. A pitcher of water under such circumstances is vulgarly said to 
"sweat" 

In the same manner, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the gla8& 

y^ 1^ ^ As soon as the sun has set in summer, and the earth is no 

formed in ram. longer receiving new supplies of heat, its sur&ce begins to 
mcr after sim. ^hrow off the heat which it has accumulated during the day 
by radiation ; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon -the earth's surface are soon cooled 
down fix)m 7 to 25 degrees below the temperature of the air. The warm 
vnpor of the air, coming in contact with these cool bodies, is condensed and 
p'^KJipitated as dew. 

(n a clear sunmier's night, when dew is depositing, a thermometer laid 



PHBNOmorA ASD FBODUCnO^r OF DEir. 271 



upon the grass; wiA amk neailj 20 dq^rees bdov one i hh i hmIhI m li» air 

at a little distance abowe. 

Uponwliiitrab. ^ **°^*^ ^^ "* an equal ofadiw tw n^atiag hot, 
■tonoes is dew bat some coot modi move nfiidljand perfecdj than otben. 
d^mdted most Qence it foUowa^ tfaat vith the aanv expasDie. aome bodia 
wQl be denael J oofoed with dsvr, wfa2e othas wiD reanm 
perfecstlj diy. 

Grass, the leaves of trees^ wood, etc:, radiate heat Tcfy fradj-: bat p»JSifi«H 
metals, smooth stones, and woolen dotfa, pait with their heU riowty : the 
fonner of these substances will therefixe be coinpletd|r drendied with dew, 
wh3e the latter, in the same sitoations^ win be ahnost dry. 

The sor&ces of rocks and barren lands are ao compact and hard, that thcj 
can neither absorb nor radiate mnch heat; and (as their temperBtnre Taries 
but slightlj) Tery little dew deposits npon tfaeoL Cohirated aoils^ on the 
contrary (being loose and porous) yerj freely radiate by night the heat whidi 
they absorb by day; in consequence of wfaidi they are modi cnoled down, 
and plentifullj cond^iae the Taper of tiie air into dew. Such a oucditioa 
of things is a remarkable evidence of design on the part of the Creator, since 
eTory plant and inch of land which needs the moistnre of dew is adapted to 
eoQect it; bat not a sinj^ drop is wasted where its refreshing ^j^oistnre is not 
required. 

What dnmni. ^^' ^''' » ^(^KMited most finedy upon a calm, dear nlgWi 
Btsaoes iofta- smce under sodi drcnmsrances heat radiates from the earth 

dl!Sta?lfdSP? "^°3^fi^^y'"^»^«*^«««»- On a dondj night, on tha 
contrary, the deposition of dew is almost entirely interrupted, 
smce the lower sor&res of the douds turn back the rajs of beat as the/ 
radiate, or pass off from the earth, and prerent thdr dispersion into space ; 
the sur&ce of the earth is not, therefore, cooled down sufficiently to chill the 
rapoF of the air into dew. 

TVlien the wind blows briskly, also, little or no dew is formed, since warm 
air is ocmstantly broi^t into contact with solid bodies^ and preyents their re- 
duction in temperature. 

Can dew be ^^^ ^ alwajs foinied upon the surface of 
^peri7Midto ^^10 material upon which it is found, and does 
not fall from the atmosphere. 

Other things being equal, dew is most abundant in situations most exposed, 
because the radiation of h3at is not arrested by houses, trees, eta Little dew 
is ever observed in the streets of cities, because the objects are necessarily 
exposed to eadi other's radiation, and an interchange of heat takes place, 
which maintains them at a temperature uniform with the air. 
Does dew form ^^^ rarely falls upon the su-face of water, or upon ships 
apoQ the snr- in mid-ocean. The reason of this is, thnt whenever tho 
lace of water ? aqueous particles at the surface are cooled, they become heavier 
than those below them, and sink, while wanner and lighter partides rise to 
the top. These, in their turn, become heavier, and descend ; and this pro- 
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0088^ ooDtimiiiig^ tliroaghoat the nighty maintsuns ibe eaxSaoe ci the water and 
the air at nearly the same temperature. 

Although dew does not appear npon ships m mid-ooean, it is freely depos- 
ited on the same Tessek arriving in the vicinity of land. Thus, naTigatoia 
who proceed from tho Stilts of Sanda to the Coroipandel coast, know that 
they are near the end of the voyage when they perceive the ropes, sails, and 
oth3r objects placed on tho deck become moistened with dew during the 
night 

y The exposed parts of tho human body are never covered with dew, beeanse 
tiio vital temperature, varying from 90^ to 98o F., effectnaJly prevents a loss 
of heat sufScient for its deposition. 

Dew is produced most copiously in tztypical countries, because there is in 
such latitudes the greatest difference between the temperature of the day and 
that of the night The development of vegetation is also greatest in tropical 
countries^ and a great part of the nocturnal cooling is due to the leaves which 
present to the sky an immense number of thin bodies, having large surface, 
well adapted to radiate heat 

Dew rarely &lls upon the small islands of the Pacific; the reason is, that 
the air over the vast ocean in which these islands are situated, preserves -a 
nearly uniform temperature day and night The islands are comparatively 
of small extent, and the stratum of air cooled by the contact of the soil is 
wanned by mixing with the air that is constantly reaching it from the sea^ 
This prevents a depresmon of temperature in the air sufficient to cause a dcpo- 
sition of dew. 
Whatiflfrort? C06. Frost is frozen dew. 

When the temperature of the body npon whidi the dew is- 
deposited sinks below 32^ F., the moisture freezes and assumes a solid form, 
constituting what is called ^^ frost." 

Shrubs and low plants are more liable to be injured by fbost than trees of 
a greater elevation, since the air contiguous to the sur&ce of the ground is the 
most reduced in temperature. 

Why does a ^.11 exceedingly thin covering of muslin, 
prolwwbjSf matting, etc., will prevent the deposition of 
gJSf ^^'^ ®' dew or frost upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 224, in which the arrows indicate the movements of heat, and tho 
numerals the temperatures of the earth and air under different circumstances^ 
will render the explanations of the phenomena of dew and frost more u^ 
telligible. 

The figures in the middle of the diagram represent the temperature of the air 
at a distance firom the surface of the earth ; the figures in the margin, the 
temperature of the idr adjoimng the sur&ce of the earth ; the figuxes below 
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the mai^gin, the temperature of the earth itselC The directions of the arrows 
represent the radiation and reflection of the heat 

Fig. 224. 




Surface of 
the earth, 53*. 


4V. 1 3^". 
Dew. 1 Frost. 


No dew or frott. 


41 •. 
No dew or frost* 


In the day- 
time. 


In clear and sarene 
nights. 


Cloudy or windy 
nights. 


Clear night; 
soil protected. 



What are 
clouds? 



SECTION II. 

CLOWDS, BAIN, SKOW, AND HAIL. 

607, Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

How is mist or When air, saturated with vapor, in imme- 
fogoccasiouedf ^j^te contact with the surface of the earth u 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not suflScient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

Howdociouds, Clouds, fog, and mist differ only in one re- 
spect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

Hist and fbg are also formed when the water of lakes and rivers, or the 
damp ground, is wanner than the surrounding air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they dLTuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, be- 
eause in such situations the air is nearly saturated with vapor, and therefore 

12* 



fog, and mist 
differ? 
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the least dcpres^on of temperature will compel it to rdinquish aotno of itfl 
moisture. 

The moisture contained in the air we expel from the lungs 
moUture of in the process of respiration, is visible in winter, but not in 
ibT'in^irinie' 8^^™™®^' Tlie Toason d this is, that in cold weather the Taper 
and not In is condensed by the external air, but in summer the tempera- 
gammer f ^yyg of the air is not suflficiently reduced to eflfect condensation. 
In wbat man- Inuring the daily process of evaporation from the surface of 
ner aredonds the earth, warm, humid currents are continually ascending; 
formed? ^i^^ higher they ascend, the colder is the atmosphere into 
which they enter; and as they continue to rise, a point will at length b3 
attained where, in union with the colder air, their original humidity can no 
longer bo retained : a doud will then appear, which increases in bulk with 
the upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped in 
clouds ; while^ if he were at the summit, he would be surrounded by a mist, 
or fog. 

The reason why douds, which are condensed vapor, float 
float i.i the at- in the atmosphere is, that they consist of very minute glob- 
moiphere f ^jeg (called vesicles), which, although heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight 
On account of the resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles, sinks but slowly in a calm 
atmosphere. Jis these vesicles do, however, gradually sink, tho question 
arises, why do not the clouds £tU to the ground ? The explanation of this is^ 
that the vesicles which sink in calm weather can not reach the ground, be- 
cause in their descent they soon meet with warmer strata of air which are not 
saturated witli moisture, where they again dissolve into vapor and are lost to 
view : at the same time that tho vesicles of vapor dissolve at the lower limits 
of the doudsy new ones are formed above^ and thus the doud appears to float 
immovably in the air. 

When the atmosphere is agitated, tho vesides of vapor constituting douds 
are driven in the direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the douds in the same direction ; and an ascend- 
ing current of air will lift them up, as soon as its velodty becomes greater 
than the velodty with which the v^idcs would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to considerable distances. 
„ , _, ^ Clouds frequently appear and disappear with a diange in 

Hoir do winds ^, ,. ^, , , ^. -,, , ^ ^ .- ,, . , 

affect the the direction and character (^ the wmd. Thus, if a cold wmd 
clouds f blows suddenly over any region, it condenses the invisible va- 

por of the air into cloud or rain ; but if a warm wind blows over any region, 
{t disperses the clouds by absorbing their moisture. 

The average height at which clouds float above tho surface 
arcrage height ®^ *^® ^^^ ^^ ^ ^^^ ^*y> ^ between one and two miles, 
of douds* Light, fleecy douds, however, lometimes attain an elevation 

of five or six mUea. 
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WhatoeeMdons TThen douda aro not continuous over the whole snrface of 
aad brokfiuap^ the skj, various circumstances contribute to give them a 
peuance of rough and uneven appearance. The rays of the sun ialling 
upon dluerent surfaces at difi'erent angles, melt away one set 
of elevations and create another set of depressions ; the heat also, which is 
liberated below in the process of condensation, the currents of warm air 
oscaping from the earth, and of cold air descending from above, all tend to 
keep the clouds ui a state of agitation, upheaval, and depression. Under 
these influences, the masses of condcnsad vapor composing the clouds are 
caused to assume all manner of grotesque and fanciful shapes. 

The shape and position of clouds is also undoubtedly influenced in a con- 
siderable degree by their electrical condition. 

,^ , , Clouds are frequently seen to collect around 

Whydoelonds . i i -i 

frequently col- mountaiu pcaks, when the atmosphere else- 
mountaia wherc is clear and free from clouds. This is 

caused by the wind impelling up the sides of 
the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes con- 
densed by cold, and appears as a cloud. 
„ 608. Clouds are generally divided into four 

How many . , ^ i /-m 

kiadsof clouds great classes, viz. : the Cirrus, the Cumulus, 

are recognized ? o 7 i j 

the Stratus, and the Nimbus. 
SSli*«doud? ^^^ Cirrus* cloud consists of very delicate 

thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It 13 highly probable that the cirrus cloud, at great elevations, does not con- 
eist of vesicles of mist, but of flakes of snow. 

Kg. 223, 0, represents the appearance of this variety of doud. 

Wh*t is the The Cumulusf cloud consists of large round- 
CttuiniMcioad? ^^ musscs of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains 01 
snow. 

The cumulus is especially the cloud of day, and its figure is most perfect 
during the fine, warm days of summer. 

Fig. 225, 6, illustrates the appearance of the cumulus cloud. 

These clouds appear in greatest number at noon, on a fine day, but disap« 
pear as evening approaches. The explanation of this is, that at noon the cur* 

* From the lAtln word cAtua— ^ lock of hair, or earL 
t From the I^tln word 0tnnirfii«— « niMi, or pile. 
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Tents of warm air asceDdiog fh>m the earth are more buoyant, larger, and ris^ 
higher, and when condensed, Ibrm large masses of clouds, each of which ma j 
be considered as the capital of a column of air, whose baso rests upon the earth. 
As the heat of the sun diminishes in the afternoon, the Etrength of the cur- 
rents abate, the clouds, which are buoyed up by their force, sink down inta 
warmer regions of the atmosphere, and are either partially or wholly dia- 
■olyed. 

Fia. 225. 




Cirrus, a; Cumulua, b; Stratus and Niuibas, c. 

The rounded figure of the cumulus has been attributed to its method of 
formation ; for when one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of curved lines. This fac» 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a glass of water. The same thing is also 
seen in the shape of a doud of steam aa it issues from the boiler of a loco* 
motive. 
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What is the Tho Stratus,* or stratified clouJ, consists 
strstasdoDd? ^f horizontal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 
The appearance of tho stratus is represented at c, Fig. 225. 

What is the T^^ Nimbus, or the cloud of rain, has no 
( Nimbus? characteristic form. It generally covers the 
whole horizon, imparting to it a bluish black appearance. 

The varioas forms of doads gradually pass into each other, so that it is 
often diMcuIt to dtxide whcthsr the appearance of a cloud approaches more 
to one type than another. The intermediate forms are sometimes designated 
as arro-stratus, cirro-cumulus, and cumulo-stratus. 

609. Rain is the vapor of tho clouds or air 
condensed and precipitated to the earth in drops. 
How is rain Rain is generally occasioned by the union of 
occasioned? ^^^ ^^ moTG volumcft of humid air, differing 
considerably in temperature. Uuder such circumstances, 
the several portions in union are incapable ot absorbing the 
same amount of moisture that each could retain if tliey 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. The law upon which the condensation 
ttSS'if rSnt of vapor and the formation of rain depends is, 
1^*^ that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Rain falls in drops, because the vesicles of rapor, in 
^2fl^In*drop8? ^^^^ descent, attract each other and merge together, thud 
forming drops of water. The size of the drop is increased in 
proportion to the rapidity with wl'ich the vapors are condensed. 

In rainy weather the clouds fall toward the earth, for the reason that they 
are heavy with partially-condensed vapors, and the air, on account of its 
diminished density, is less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of ^.n instrument called a 
" Rain-Guage." 

This usually conasts of a tin cylindrical vefidel, If, Fig. 
^^^Gna^* 226, the upper part of which is closed by a cover, B, in the 
shape of a funnel, with an aperture in its center. The water 
* * Stratus, from tlie Latin «eratve— that wliich Ilea low in the form of a bed or layer. 
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FIGK226. 





falHognpon the top of 
the cylinder flows into 
the interior through 
the opening, and i 
thus protected fhnn 
evaporation. From the 
hase of the appara- 
tus a graduated glass 
tube, A, ascends, in 
which the water 
rises to the samo 
height as in the in- 
terior of the cylinder. 
Supposing the apparatus to bo placed in an exposed situation, and at the end 
of a month, for example, the height of the water in the tube is five inches: 
this would indicate that the water in the cylinder had attained to an equal 
elevation, and consequently that the rain which had fallen during this inter- 
val, would, if not diminished by evaporation or infiltratbn, cover the earth to 
tho depth of five inches. 

1- L _,!. 613. Rain fells most abundantly in countries near the equa- 

ls whit sitni- , , . . •' , ., , 

tions is rail tor, and decreases m quantity as wo approach the poles. 

mostabandant? There aro moro ramy days, however, in the temperate zones 

than in the tropics, although the yearly quantity of ram falUng in the latter 

districts is much greater than in the former. 

In tho northern portions of the United States, thero aro on an average about 
134 rainy days in a year ; in the Southern States the number is somewhat 
less, being about 103. 

The reason why it rains more frequently In tho temperate zones than in the 
tropics is because, the former are regions of variable winds, and the tempe- 
rature of the atmosphere changes often ; while in the tropics the wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons^ tho wet^ 
or rainy, and the dry seasoh. 

What i% the ^he average yearly fall of rain in the tropics 
JKdi^roSt is ninety-five inches ; in the temperate zone 
countries f ^j^jy thirty-fivc. 

The greatest rain-fall, however, is precipitated in the shortest time. Ninety- 
five inches fell in eighty days on the equator, while at St Petersburg tl:s 
yearly nun-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Again, a tropical wet day is not contmuously wet The morn- 
ing is dear ; clouds Form about ten o'clock ; the rain begins at twelve, and 
pours till about half past four ; by sunset the clouds are gone, and tho nights 
are invariably fine. 

The depth of rain which feUs yearly in London is about twenty-five inches ; 
but at Vera Cruz, in the Grulf of Mexico, rain to the amount of two hundred 
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«nd serenty-eight inches is precipitatecL The explanation of this is to bo 
foona in the peculiAr location of the city, at the foot of lofty mountains, whose 
snmmits are covered with perpetual snow ; against these the hot, humid air 
fix>m the sea is driven by the winds, condensed, and its excess of moisture 
precipitated as raiu. 

614. Some countries are entirely destitute of rain; in a part of Kgypt it 
never rains, and in Peru it rains once, perhaps, in a man's lifetime. Upon 
the table-land of Mexico^ in parts of Guatemala and California, rain is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia, over the f^reat desert of Gobi, the 
table-land of Thibet, and part cf Mongolia. Tliese regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to bo sought for in the peculiar conformation 
of the country. 

In Peru, for example, parallel to the coast, and at a short distance from the 
lea, is the lofty range cf the Andes, the peaks of which are covered with 
l^rpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
do cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again m constant showers as 
the cool wmds of the ocean flow in and condense it. 

__ . . 615. The whole quantity of water annually precipitated as 

whoi') Mil. rain over the earth's surface is calculated to exceed seven 
ooOTtity^^^ hundred and axty millions of tons. This entire amount is 
rain? raised into the atmosphere solely by evaporation. It has been 

also calculated, that the daily amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the sur&oe of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an inch fix>m the whole 
Earfaco. 

Wliat curious ^® amount of moisture constantly present in the atmos- 
Inilaenees are phere of any country, exercises an important influence upon 
thTmoStorJU *^® physical system of the inhabitants, and upon their arts 
the atmosphere? and professions. The atmosphere of the northern United 
States is uncommonly dry, much more so than in England or 
Germany. To this in a great measure is owing the difference in the physical 
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appearance of the inbabitaDts of these respective coontries. Fttuiters findthal* 
their work dries tiuieker, also, in New England than in central Europe. 
Oabmet-makers in the United States are obliged to use tiucker glue, and 
watchmakers animal instead of vegetable oil Pianos are rarely imported from 
Europe into the United States, because the difference in the diinate of these 
two countries is so great, as respects moisture, that the foreign instruments 
shrink, and quickly become damaged. 

whftttasoow ? 616. Snow is the condensed vapor of the air, 

frozen and precipitated to the earth. 
How is mww ^^ knowledge in respect to the formation of snow in tho 
protaUjform- atmosphere is very limited. It is probable that the clouds in 
•*' which the flakes of snow are first formed, consist, not of veai- 

des of Yi^r, but of minute crystals of ice, which by the continuous condens- 
ation of vapor become larger and form flakes of snow, which continue to 
increase in sizo as they descend through the air. 

When the lower regions of the air are sufficiently warm, the flakes of snow 
melt before they reach the ground; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds with vapor, 
and tho temperature is about 32° F. ; but as the moisture diminishes, and the 
cold increases, tho snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
mto a room, the air of which is saturated with moisture, it sometimes hap- 
pens that the vapor of the room will be condensed and frozen at the samo 
instant, thus producing a miniature SsJl of snow. 

Wh t i the " ^^''* ^°^ examining a snow-flake beneath a microscope, it is 
phyvicftl com- found to consist of regular and symmetrical crystals, having a 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under favorable drcumstances, be seen with 
the naked eye, by placing the flake upon a dark body cooled below 32? F. 
Hg. 227 represents the varied and beautiful forms of snow crystals. 
• The bulk of recently-fallen snow is ten or twelve times greater than that 
of the water obtained by melting it 

618. Hail is the moisture of the air frozen 
into drops of ice. 

Can the pho- ^® phenomenon of hail has never been saUs&ctorily ex- 
nomenon of bail plained. It is difficult to conceive how the great cold is pro- 
KttiafeSoriiy? duced which causes the water to freeze under the circum- 
stances^ and also bow it is possible that the hail-stones, after 
having once become sufficiently large to &11 by their own weig^t^ can yet 
remain long enough in the air to inorease to so considerable a size as is 
Sometimes seen. A hail-storm generally lasts but a few minutes, veiy sel- 
dom as long as a quarter of an hour; but the . quantity of ice which 
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escapes from the cloads in so short a time is very great, a&d 
been observed to fall of a weight of 10 or 12 oimoes. 

Fig. 227. 
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619. Hail-stones are generally pear-shaped, and if they are divided throtigh 
the center, the/ will be fonnd to be composed of alternate layers of ice ana 
snow, arranged around a nudens, like the coats of an onioft 

nail-storms occur most fireqnendy in temperate climates, and rarely within 
the tropics. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
south of Prance, which lies between the Alps and Pyrenees, is annually rav- 
aged by hail ; and the damage which it causes yearly to vineyards and stand- 
ing crops has been estimated at upward of nme miUions of dollars. 



SECTION III. 



WINDS. 



TnuitisWlndt 



620. Wind is air put in motion. The air is 
never entirely free from motion, but the ve- 
locity with which it moves is perpetually varying. 

621. The principal cause of movements in 
pindpaicauM tho atmosphcrc is the variation of temperature 

produced by the alternation of day and night 
and the succession of the seasons. 

now can rail- When, through the agency of the sun, a particular portion 
jUwuire piSi ^^ ^® earth's surface is heated to a greater degree than the 
docewlndr remaUider, the air resting upon it becomes rarefied and 
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ascends, whilo a canrcnt of oold air rushes in to supply tho Tncancy. Two 
currents, the one of warm air flowing out, and the other of cold air flowing 
in, aro thus continually produced; and to theso movements of tho atmosphere 
we apply the designation of wind. 

If tha whole surface of the earth were covered with water, 

Siydcid* f2i- *^® wuids would always follow the sun, and blow uniformly 

tares of ^ the from cast to west Tho direction of the wind is, however, 

^b^afEBcithe continually subject to interruption jfrom mountains, deserts, 

plain!*, oceans, etc. i 

Thus mountains which are covered with snow, condense and cool the air 
brought in coutact with them, and when the temperature of the current of 
air constituting tho wind is changed, its direction is liable to be changed also. 
The ocean is never heated to the same degree as the land, and in conse- 
quGDce of this, the general direction of the wind is from tracts of ocean to- 
ward tracts of land. 

In those parts of the world which present an extended surfece of water, 
tho wind blows with a great degree of regularity. 

Whnt is the ^^^' ^^^r7 variation exists in the speed of wmds, trom. 
Toiocity and the mildest zcphjrr to the most violent hurricane, 
force of win ^ ^j^^ which is hardly perceptible moves with a velodty 

of about one mile per hour, and with a perpendicular force on one square.ioot 
of '005 pounds avoirdupois. 

In a storm, the velocity of the wmd is from 50 to 60 miles per hour, and 
the pressure from 7 to 12 pounds per square foot In some hurricanes, tiie 
velocity has been estimated at from 80 to 100 miles per hour, with a varying 
force of from 30 to 50 pounds. 

The force of the wind is ascertained by ob- 
foUw of wind serving the amount of pressure that it exerts 

calculated 7 • ■* a i*i • 

upon a given plane surface perpendicular to its 
OAvn direction. 

If the pressure-plate acts freely upon spiral springs, the power of the wind 
is denoted by the extent of their compression, which thus becomes a measure 
of their force, the same as in weighing by the ordmary spring-balance. 

What is an -^.u instrument for measuring the force of 
Anemometer? ^j^^ ^j^^j jg Called an Anemometer. 

Howmaywinde 623. Wiuds may be divided into three 
be divided? classes:— Constant,' Periodical, and Variabla 
winds. 

624 In many parts of the Atlantic and Pacific oceans, tha 
trade-winds? wiud blows with a uniform force and constancy, so that a ves- 
sel may sail for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade-winds, inasmuch 
as they are most convenient for navigation, and always blow m one direction. 
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"What i» the ^® tttd^-winds are caused by the movements of vast cur- 
eanse of (he rents of air which are continually flowing between the poles 
trade-winde ? ^^^ ^^ equator. Thus the air which has been greatly heated 
by the sun in regions near to tlie equator, rises and runs over toward either 
pole in two grand upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium. 

What occasions ®^^* ^ ^^ northern hemisphere the trade-winds blow from 
the diraetioiof the north-east, and m the southern hemisphere from the 80utl> 
thetrade-viods? q^^ 

The reason they do not blow from the direct north and south is owing to 
the revolution of the earth. The drcumference of the earth being larger at 
the equator than at the poles^ every spot of the equatorial surface must move 
much &ster than the corresponding one at the poles : when, therefore, a cur- 
rent of air from the poles flows toward the equator, it comes to a part of the 
earth*s surface whidi is moving faster than itself; in consequence of which 
it is left behind, and thus produces the effect of a current moving in the op- 
posite direction. 

The region over whidi the trade-winds prevail extends for about 25 degrees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow unintemiptedly from the equator 
to each pole is owing to the change which takes place in their temperature as 
they move north and south. Thus in th«^ northern hemisphere the hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the uppor and which the lower position. In these regions, 
consequently, there are no uniform winds.* 

whatare mon- 626. MoDsoons are periodical currents of air 
"°°*' which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an Arabic word signifying season ; they are 
also cared periodical winds, to distinguish them from the trade-winds which 
are constant. 

What Is the '^^ theory of the monsoons is as follows: — During six 
theory of the months of the year, ih)m April to October, the au" of Arabia^ 
moniioonsr Persia, India, and China, is so rarefied by the enormous hcLt 

of their summer sun, that the cold air from the south rushes toward these 

• The existence of a great cnrrent of air In the upper r^ons of the atmosphere, flow- 
ing in an nearly contrary direction to the trade-wlnda, has been confirmed by the oh> 
tcrvations of trHvders who have ascended the Peak of Teneriffe, or n^me of the high 
mountains in the islands of the Southern Pacific Ocean. At a height of about 1S,000 feel 
ft wind is encountered, blowing oonstantly in an opposite directton to that which prerails 
«t the level of the sea below. 
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ooantriefl^ across the ei]pmtor, tfn^ produees a BouQi-West %ind. When Uia 
san, oa the other hand, has left ihe nortbem side of the equator for the 
GOutherDi the southern hemisphere is rendered hotter than the northern, and 
the direction of the wind is reversed, or the monsoon blows north'*east from 
October to April 

The monsoons are more powexfnl than the trade^winds^ and very often 
amount to violent gales. They are also more useful than the trade-winds, 
since the mariner is able to avail himitelf of their periodic .changes to go in 
one direotion during, one half of the year, and return in the opposite direction 
daring the other half 

Wbat la th ^^^' ^^ ^^^ pBits of the world, as on coasts and islands, 

explanation of the heatmg action of the sun produces daily periodical winds, 
bweaeS^* '^* which are termed land and sea-breezes. 

During the day, the land becomes much more hi^ly heated 
by the sun than the adjacent water, and. consequently the air resting upon 
the land is much more heated and rarefied than that upon the water. The 
cooler and denser air, therefore, flows from the water toward the land, con- 
Btitutmg a sea-breeze, and, displacing the warmer and lighter air over the 
land, forces it into a higher region, along which it flows in an upper current 
seaward. 

• At night a contrary effect is produced. Afler sunset the land cools much 
more rapidly than the water, and the air over the i^ore becoming cooler, ' 
and consequently heavier than that over the sea, flows toward the water and 
forms the land-breeze.* 

The phenomena of land and sea-breezes may be well iflustrated by a ^mple - 
experiment Fill a large dish with cold water, and place in the middle of it 
a saucer full of warm water ; let the dish represent the ocean, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow out a can- 
dle, and if the air of the room be still, on applymg it successively to every 
ado of the saucer, the smokd will be seen moving to>yard it and rising over- 
it, thus indicating the course of the air from sea to land. On reversing' the 
experiment, by fllling the saucer with cold water, and the dish with warm,- 
Hie land-breeze will be shown by holdmg the smoking wick over the edge 
of the saucer ; the smoke will then be wafted to the warmer air over the dish. 

I irhatrerfoM ^^^' ^^ *^ temperate zones, the winds have 
do i^bie little of regularity, and these latitudes are 
known as the re^on« of "variable winds." 

In the tropics, the great aerial currents known as the trade-winds exist in 
all their power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds is diminished, a perpetual contest 

* Adrantege is taken of these breezes by coasters, which, drairing less irater than 
larger ressels, can approach the coast within those limits where the sea and land-hreeses 
first begin to operate. Thus a ship of war may not be able to take adrantage of these 
winds, while sloop* and schooners may bo moving along dose to the shore under a pre«r 
of canvas, and be out of sight before the laiger vessel is ndeased ftom the calm bordeiiiig 
these breexes, and fringing for some time the beach only. . 
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oecnfs between the pencaoent and temporary currents) giving rise to oon* 
Btant fluctuations in the strength and directtoa of the winds. 

629. The driest winds of the United States are west and 
character of north-west winds, since they hlow over great tracts of land, 
the wlridi of and Jjave little opportunity of absorbing moisture, 
the United -,. ., . *, „ •« >• ^. - 

Butw? ^be south wmda are generally warm and productive of 

rain, since coming fh>m tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the oceaa As soon, 
however, as they reach a cold climate they are condensed, and can no longer 
hold all their vapor in suspenaon; in consequence of which some of it is de- 
posited as rain. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Tornadoes," "Water-Spouts," etc 
What b a Si- 631. The Simoon is an intensely hot wind 
^**^^ that prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suflfering, and 
often destruction of whole caravans of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries where it occurs. 

" The surface of the deserts of Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable, and their atmosphere like the breath of a fiip* 
nace. When, under such circumstances, the wind rises and sweeps over 
these plains, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert" 
whatiaaHur- The Hurrfcane is a remarkable storm wind, 

'***°®' peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished from all other kinds of tempests by 
their extent, irresistible power, and the sudden changes that occur in the 
direction of the wind. 

In the northern hemisphere, the hurricane 
and locations most frequently occurs ia the regions of tba 
noBtfreqa^^ West ludics ; iu the southern hemisphere, it 
^"^^^^ occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean.* Tiiey also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ;• the Mauritian from Feb- 
ruary to April. 
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BeceDt inyesti^^ations have proved the bar- 

Wbat i« the . • n • , «. . * 

Mtore of the Hcanes to coDsist of extCDsive storms of wind^ 
which revolve round an axis either upright or 
inclined tD the horizon ; while at the same time the body 
of the storm has a progressive motion over the surface of 
the ocean.- 

Tluis it is the natare of a hurricane to travel round and round as well as 
iurwcrd, much as a corkscrew travels through a coric, only the circles are all 
£jt, and described by a rotaiy wind upon the sur&ce of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positions, tho 
wind blowing Ccom eveiy point of the compass.* 

The effect produced by a hurricano upon the atmosphere is very singular. 
As it consists oi a body of air rotating in a vast circle, its center is tbe point 
of least motion. Uariners who have been caught in such a center, describe tho 
unnatural calm that prevails as awful — an apparent lull of the tempest, which 
seems to have rested only to gather strength for greater efibrts. The mass 
of air, however, which constitutes tho bod/ of the storm will be driven out- 
ward from tho center toward the margin, just as water in a pail which is 
made to revolve rapidly flies from tho center and swells up the sides. Bat 
the pressure of the atmosphere beyond the whirl, checkmg and resisting the 
contriiiigal force, at length arrests the outward progress of tbe mass of air, 
and limits the storm. 

_-. . The progressive velocity of hurricanes is from seventeen to 

respecting the f^rty mUcs per hour; but distinct from the progressive velocity 

Ifi^f^-*— * is t^o rotary velocity, which increases from the exterior bound- 
■peccs treren- ^ -^ ' ,.,.,- <• 

ed bv honi- ary to the center cf tho storm, near which point the force of 

^^'^^ tbe tempest is greatest, the wind sometimes blowing at the 

rate of one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at 8t Thomas, in the West 
Indies, on the 12lh, reached the Banks of Newfoundland on the 19th, having 
traveled more than three thousand nautical miles in seven days; the track of 
the Cuba hurricane of 1844 was but little infjrior in length. 

The surface simultaneously swept by these tremendous whirlwmds is a 
vast circle varying from one hundred to five hundred miles in diameter. 

Mr. Eedfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred miles in breadth, and the area over which it pre- 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles— an extent of surface equal to two thirds of 
that of all Europe. 

• Ii 1345. ft ship enooantered a hurricane near Manrittafl. The wind, as the ship 
safleil In the circuit of the storm, phanged fire times completely roand in one hundred 
and seventeen hours. The whole distance sailed by the vessel was thirteen hundred and 
serenty-lhree miles, and at the termination of the storm she was only three hundred and 
fifty-four miles firom fhe plaeo where the storm oommeoeed. 
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THiatareTor- 632. Toinadoes may be regarded as hurri- 
°*^«»' canes, differing chieflj ia respect to their con- 
tinuance and extent. 

Tornadoes usually last from fifteen to seventy seconds ; 
their breadth varies from a few rods to several hundred 
yards, and the length of their course rarely exceeds twenty 
miles. 

The tornado is generally preceded by a calm and sultry state of the atmos- 
phere, when suddenly the whirlwind appears, prostrating every thing before 
it Tornadoes are usually accompanied with thunder and lightning, and 
sometimes showers of halL 

Tornadoes are supposed to be generally pro- 
iuSJe*"pr^ duced by the lateral action of an opposing 
"^ wind, or the influence of a brisk gale upon a 

portion flf the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
water, when two streams flowing in different directions meet They occur 
most frequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the comers of streets in 
cities, and are occasioned by a gust of wind sweeping round a building, and 
striking the calm air beyond. 

The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increases in velocity as it descends^ its base 
gradually approaching the earth, until it rests upon the surface. 

Great conflagrations sometimes produce whirlwinds, in consequence of a 
strong upward current, which is produced by the expausion of the heated 
air. A remarkable example of this is recorded to have happened at the 
burning of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a frightful hurricane. 

It has been noiiced as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their feathers. In a theory propounded some years since to the American 
Association for the Promotion of Science, by an eminent scientific authority, 
it was supposed that in the vortex, or center cf the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the air contained in the 
barrel of their quills expanded with such force ai to strip them from the 
body. 

What Is ft 683. A water-spont is a whirlwind over the 
water-Bpoatf gurfacc of Water, and differs from a whirlwind 
on laud in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few: feet 
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to several hundreds, and its altitude is supposed to be 
often upward of a mile. 

When an observer is near to the 8pout> a loud hissmg noise is heard, and 
the interior of the column seems to be traversed by a rushing stream. 

FlO. 228. The successive appearances of a water- 

spout are as follows : — At first it appears to 
be a dark cone, extending from the cloadB 
to the water; then it becomes a column 
tmiting with the water. After continuing 
for a little time, the column becomes dis- 
united, the cone reappears, and is graduallj 
drawn up into the clouds. These various 
changes are represented in Fig. 228, It is 
a common belief that water is sucked up by 
the action of the spout into the clouds; but 
there is reason to suppose that water rather 
descends from the douds, as water which 
has &llen from a spout upon the deck of a 
vessel has been found to be fresh. There is 
no evidence, furthermore, that a continuous 
column of water exists within the whirling pillar. 




SECTION IT. 



METEORIC PHBKOMENi.. 



Whftt vn 
Meteorites r 



"What are 
Aerolites? 



634 Meteorites are luminous bodies, whicb. 
from time to time appear in the atmosphere, 
moving with immense velocity, and remaining visible hut 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

635. The term aerolite is given to those 
stony masses of matter which are sometimes 
Been to fall from the atmosphere.*^ 

Whatisknoim ^^^ weight of those aerolites which have been known to 

respecting the feji from the atmosphere varies from a few ounces to several 

weight and re- . , . , 

lod^ of asro. hundred pounds, or even tons. 

^*®* ' The height above the earth's surface at which they are sup- 

posed to make their appearance has been estimated to vary from 18 to 80 miles. 

• Aerolite is derived from the Greek wordn acp (atmosphere) and Xi0o$ (a stone). A 
meteor is distinguished from an aerolite hj the fact that |t bursts In the atmosphere, but 
leaves no residuum, while the aerolite, which is supposed to be a fragment of a meteor, 
eomes to the ground. 
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The esdmated velocity of these bodies is somewhat more than three hun- 
dred miles per minute, though one meteor of immense size, which is supposed 
to have passed within twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible^ and its great velocity, accurate observations can not be 
made upon it ; and all estimates respecting th>.'ir distance, size, etc, must be 
considered as only approxunations to the truth. 

Whatisknovn ^^^ °""*^ of the meteorites which have fiiUen at different 
respecting the times and in different parts of the globe, resemble each other 
•SSttSlV**' **' so closely* that they would seem to have been broken fix)m 
the same piece or mass of matter. 

Most of them are covered with a black shining crust, as if the body had 
been coated with pitch. When broken, their color is ash-gray, inclining to 
black. They consist for the most part of malleable iron and nickel, but they 
often contain small quantities of other substance& They do not resemble in 
composition any other bodies found upon the sur&ce of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surfiu^e of the earth, as in the south of Africa, in Mexico, Siberia^ 
and on the route overland to California. Some of these masses are of immense 
weight, and undoubtedly fell from the atmosphere. 

What is the 636. Four hypotheses have been advanced 
•upposedori^n j.^ accouiit fof the origin of these extraordinary 
^^^^^ bodies : 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

The fourth of these suppositions most fully explains the fkcts connected 
with the appearance of meteorites, and the third likewise has some strong 
evidence in its &vor. 

HoirdoBhoot- 6^^- Shooting-stars differ in many respects 
frSf^to!!^ from meteors. Their altitude and velocity are 
greater ; they are far more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth, 

Atwhatbdidit "^^^ altitude of shootmg-stars is supposed to vary from etx 
do ihootliiff. to four hundred and sixty miles, the greatest number appear- 
■ton appear f ing at a height of about seventy miles. Owmg to their ntUa* 

13 
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ber and fitHjacncj of oocarrence, many carofal obaexrations haro been mado 
upon them, with a view of determiniug these iacts. 

Their Ydocity h supposed to range from slxtj to fifteen hnndred m3ca per 
minute. 

Some cf these mctsorlc appearances may bo seen every dear night, but 
they appear to fall in great numbers at cert^n periodical epochs. The pe- 
riods when they may bo noticed most abundantly are on the 9th and 10th of 
August) and the 12th and 13th of November.* 

) The majority of shooting stars appear to radiate from 
f particular part of the heavens, viz., a point in the con- 
stellation Perseus, undoubtedly far beyond the limits of our 
atmosphere. 

<.<n. X ^v -t ^^ order to account for the origin of shootingr stars, it has 

TYnat tneorles , m.-^-^. •., . ■,,..» 

hare been pro- been supposed by Prof. Olmstead, that they are derived from 
cojDt for the * ^^^ composed of matter exceedingly rare, like the tail <if a 
origin of Bhoou comct, revolving around tho sun within the orbit of the earth, 
iag rtara 1 ^^ space little less than a year; and that at times tho body 

approaches so near tho earth that tho extreme portions become detached and 
drawn to the earth by virtue of its great attraction. It has been farther sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to tho earth is supposed to bo 
about 2,000 miles. Bodies falling fix>m this distance would enter the earth's 
atmosphere at a height of at least 50 miles above the surface, with a velocity 
generated by the force of gravity above 4 miles per second — ^a velocity tea 
times greater than the utmost speed of a cannon-ball 

When common air is compressed in a tight cylinder to the extent of ono 
fifth of its volume, sufficient heat is generated to ignite tinder. If we supposo 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only as to make it aa 
danse as ordmary air, the temperature would be rsusad as high as 46,000^ F. 
«— a heat far more intense than ean be generated in any furnace. Unless^ 
therefore, the mass of matter comprising the body was very large, it must bo 
dissipated by heat long before it reaches the surface of the earth. 

Another theory has been proposed by the eminent astronomer Chaldlnl, 
who supposes that^ in addition to the planets and their satellites which revolve 
about the sun, there are innumerable smaller bodies; and that these occa- 
sionally enter witliin the atmosphere of the earth, take fire, or descend to its 
Aurlaco. 

* They hare alio been notioed in nnnsiial abundance on the IStli of October, the 6th 
and 7th of December, the 2d of January, the 23d and S4th of April, and from the 18th to 
the 20th of June. 

Four most remarkable meteoric ihoirere have been notieed, vis. , In 1797, 18R1, 1833, sad 
1833, all ii the month of November. In the shower of 1833, the meteon, la many p»rtaof 
the United States, appeared to £U1 as tl^ck as snpw-flalces. 
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SECTION T. 

POPULAB OPINIONS CONCSBNINO TEE WEATHER. 

^ ^ . G38. There is no reason to doubt that every 

Do coanges In , ... 

the weather chan&re iu the Weather is in strict accordance 

oeear laec- ,*=* i n • I'l • i»"i 

cordanoe with With somc definite physical agencies, which aro 
fixed and certain in their operations. We 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

- ^. There are, however, in all countries, certain ideas and pop- 

Are the popn- , * *. , . ., , , .^ 

lar ideas re- ular proverbs respecting changes in the weather, the innu- 

£mf in the ^°^ ®^ *^® moon, the aurora borealis, etc., which are wholly 
weather found- erroneous and unworthy of belief; since, when tested by 
edoafaetf long-oontinued observations, they are invariably found to bo 

unsupported by evidence. 

Thus an examination of meteorological records, kept In different countries, 
through many years, proves conclusively that the popular notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain falls more frequently 
about four days before full moon, and less frequently about four or five days 
before new moon, than at other parts of tha month ; but this can not be con- 
sidered as an established fact In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of rain. 

There is also a current belief among many persons that timber should be 
cut during the decline of the moon. To test the matter, an experiment^ on 
an extensive scale, was made some years since in France, when it was found 
that there was no difference in the quality of any timber felled in different 
parts of the lunar month. 

It is also supposed that bright moonlight hastens, in some way, the putre- 
fiiction of animal and vegetable substances. The fikcts in respect to this sup- 
position are, that on bright, dear nights, when the moon shines brilliantly, 
djw is more freely deposited on these substances than at other times, and in 
this way putre&ction may be accelerated. With this result the moon has no 
connection. : 

It is a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially th? autumnal ; but the 
examination of weather records fbr sixty-four years has shown that no 
particular day can bo pointed out in the month of September (when the 
''equlxioctial storm" is indd to occur) upou which therQ ever was, or ever will 
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be, a BO-CAUed equinoctial storm. The fiict^ howerer, should not be concealed, 
that, Xakiap^ the average for the five daj^s embracing the eqmnoz for the 
period above stated, the amoont of rain is greater than for any other five 
days, bj three per cent, throoghout the month. 

Observations recorded for a long period have proved that the phenomenon 
of the aurora borealis, which is said to precede a storm, is as often followed 
by 0ur, as by foul weather. 

Meteorological records^ kept for eighty years at the observatory of Green- 
wich, England, seem to show that groups of warm years alternate with cold 
ones in such a way as to render it probable that the mean annual tempera- 
tures rise and iall in a series of curves, correspondmg to periods of about four- 
teen years. 

There is little doubt that some animals and insects are able to foretell 
changes in the weather, when man £iils to perceive any indications of tho 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rain. Some other varieties of land crustaceous animals change their 
color and appearance twenty-four hours before a rain. 

For a light, short nan, some trees have been observed to incline their leaves^ 
so as to retain water; but for a long rain, they are so arranged as to condact 
the water away. 

The admonition given saveral thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow ; 
and ho that regardeth the clouds shall not reap."— £bc2»., zl 4. 



CHAPTER XIV. 

LIGHT. 



whAtuughtr 639. Light is the physical agent which oc- 
casions; by its action upon the eye^ the sensa- 
tion of vision. 

What is the 640. Optics is the name given to that de- 
g^nceof Op. partment of physical science which treats of 
vision, and of the laws and properties of light,* 
Between the eye and any viable object a space of greater or less extent 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the mind 
is unable to form any adequate conception of it. Yet we recognize the ex- 
istence of objects at such distances, by the physical effect which they produce 
on our ox:gans of vision. 

• Prom the Greek word " Ovro^al,** to eee. 
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What theortes ^^' In order to explain how audi a result is possible, or 
of light haTB in other words, to account for the origin of light, two theories 
been proposed? j^^^ ^^gjj proposed, which are called the CORPUSCULAR and 
the XJNDUI.ATORT Theories. 

What is the The Corpuscular Theory supposes that a 
Th2S!^"^ distant object becomes visible to us by emit- 
^***' ting particles of matter from its surface, which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so affect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemUance be- 
tween the eye and the organs of smelling. Thus, we recognize the odor of 
an object in consequence of the material particles which pass ftom the object 
to the organs of smelling, and there produce a sensation. In the same 
manner, a visible object at any distance may bo supposed to send forth parti- 
cles of light, which move to the eye and produce vision, by acting mechan- 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What is the The Undulatory Theory supposes that 
Thwi^T'^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pi-o- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations, or undulations of the ethereal medium being supposad 
to pass along the space intervening between the visible object and the eye in 
the same manner that tho undulations of the air, producedby a sounding body, 
pass through the air between it and the ear. 

Which of the "^^^ Corpuscular Theory was sustained by Newton, and was 
two iheories of for a long time generally believed. At the present day it is 
SJ re^iJd ?" Almost entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satisfactory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not. 

If the Corpuscular Theory be correct, a common candle is able to fill for 
hours, with particles of luminous matter, a circle lour miles in diameter, since 
it would be visible, under &vorable circumstances, in every portion of this 
space. Light, moreover, has no weight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balanoe^ does not 
affect it in the slightest degree. 
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What are the The chief sources of light are the snn, tte 
of ijjhtr*"*** stars, fire or chemical action, electricity, and 
phosphorescence. 
IJDdcr the bead of chemical action are mduded all the forms of artificial 
%ht which are obtained by the baming of bodies. Examples of light pro- 
duced by phosphorescence, as it is called, are seen in the glow of old and de« 
cayed wood, and in the light emitted by fire-flies and some marine animals. 

642. All bodies are either luminous or non-luminous. 
What h a In- Lumiuous bodics are those which shine by 
minoasbodyf ^^^^^^ ^y.^ light; such, for example, as the 
sun, the flame of a candle, metal rendered red hot, etc. 

All sohd bodies, when exposed to a sufficient degree of heat, become lu- 
minoua It has been recently proved* that all solids begin to emit light at 
the same degree of heat, viz., 97^® of Fahrenheifs thermometer. As the 
temperature rises, the brilliancy of the light rapidly increases, so that at a 
temperature of 2600o it is almost forty times as intense as at 1900^. Gases 
must be heated to a much greater extent before they begin to emit light 

What is anon- Non-lumiuous bodics are those which pro- 
luminouBbody? ^^^q ^^ ijg^^^ themsclves, but which may be 

rendered temporarily luminous by being placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible ; but the moment the sun or candle is withdrawn, they be- 
come Invisible. 

whataretran*. Transparent bodies are those which do not 
parent bodies? interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bodics are those which do not permit 
opaquebodiear jjg^j. ^^ pj^gg through them. The metals, 
stone, earth, ifrood, etc., are examples of opaque bodies. 

Transparency and opacity exist in different bodies in very different degrees 
We can not clearly explain what there is in the constitution of one mass of 
matter, as compared with another, which fits the one to transmit light, aLi 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent^ or per- 
fectly opaque. Some light is evidently lost in passing even through space, 
and BtiU more in travefsing our atmosphere. It has been calculated that the 
atmosphere, when the lUys of the sun pass perpendicularly through it^ inter- 
• B7 Piof. J. W. Draper. 
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cept from one fifth to one firaith of their light: bat when the sun is near the 
horizoD, and the mass of air through which the solar rays pass is oonaequentlj 
vastly increased in thickness, only 1-2 12th part of their liglit can reach the 
sarface of the earth. If our atmosphere, in its state of greatest deusltj, could 
be extended rather more than 700 miles from the eartli's sur&oe, instead of 
40 or 50, as it is at present, the son's rays could not penetrate through it, 
and our globe would roll on in daTkne83. Bodies, on the contraiy, which 
are conadered as perfectly opaque, wiU, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf traosmits a soft, green light 
, ^ 643. Light, from whatever source it may be 

In vbat man- , . i . , . . , 

ncr is light derived, moves, or is propac^ated m straight 

propagated? ,. ' ^l. K -i. x • 

jmes, 80 long as the medmm it traverses is 
uniform in density. 

If we admit a sunbeam throi^h a small <^>ening into a darkened chamber, 
the path which the light takes, as defined by means of the dust floating in 
the air, is a straight line. 

Whit nractieai ^* ^^ ^^ *^ reas<m that wo are unable to see through a 
■ppUeatioasan bent tube, as we can throi:^h a straight one. 
vao^roent *^f ^^ taking aim, also, with a gnn or arrow, we proceed upon 
li'ichtin straight the supposition that light moves in straight lines, and try to 
^**' make the projectile go to the desired object as nearly as pos- 

sible by the path ak>ng which the light comes Irom the object to the eye. 

Fio. 229. 




Thns, in Fig. 229, the line A B, which represents the line of sight, is also the 
direction of a line of light passing in a perfectly straight direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin- 
ing the accuracy of his work. If the edge of the plank be straight and uni- 
form, the light from all points of its surfUoe will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they will cause the light to be 
ixregnlar, and the eye at once notices the confusion and the point which oo* 
casions it 

wh-tis aray 644 A fay of light is a line of particles of 
ofughtf light, or the straight line along which light 

passes from any luminous body. 
A luminous body is said to radiato its light, because the light issues fit>m 

it in every direction in straight lines. 
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What an the The chief sources of ligh^ from any Imnin- 
^i^htr"*** stars, fire or chemical Bf om one another, or 
phosphorescence. space as they recede 

Under the bead of chemical action are ^ 
light which are obtained bj the bominr ^^ diverg- Fia. 230. 

duced by phosphoresjeace, as it is o^' 
cayed wood, and in the light omitt^^^Qyej-Q^^ q^ 

642. All bodies are ^'/by rays of 
What h a In- ^'^^^^^.i Juminous ccn- 
»hu,a.bodyr th3ir r/ squares Of the 
sun, the flame of 

All solid bodies, • j behind a window will illuminate a certain space on 
minoua. It has ' ^/-^pposite. If the wall is twice as far from the candle as 
the same degr ,>^^ gpaoe iDuminated by it will be four times as large ss 
temperature f ^^ '^'^ ^^U be removed to three times the distance, the surface 
temperatorr yy-^-f^ys of light will be nine times as lai^ge, and so on. 
must be h ,y^ cf radiating rays of light, as shown in Fig. 230, constitatcs 
matlr :^»"p3ncil Of light" 

lamiof v^ A thousand, or any number of persons, are able to see the 

" * same object at the same time, because it throws ofif from its 




^^ J^*^* surfece an infinite nxmiber of rays in all directions; and one 
r ^f^^Sa person sees one portion of these rays, and another person 
^itin^^ another. 

.^y number of rays of light are able to cross each other, in the same space, 
^^t jostiing or interfering. If a small hole be made fix>m one room to 
^tbsr through a thm screen, any number of candles in one room will shine 
tiifou^h this opening, and illuminate as many spots in the other room as there 
^ candles in this, all their rays crossing in the same openmg, without hinder- 
mice or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its 6wn particular to&e, 
without materially interfering with each other. 

Bays of light which continually separate as 
»xiA^^ S. they proceed from a luminous source, are called 
rlrgiSI; ^d Diverging Bays. Bays which continually ap- 
***' proach each other and tend to unite at a com- 

mon point, are called Converging Bays. Bays which move 
in parallel lines, are called Parallel Bays. 
What is a 645. When rays of light, radiated from a 
Bhadoir? luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
" their transmission in straight lines) be excluded from 
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"Hehind such a body. The comparatire dark- 
^uced is called a shadow. 

•ing surfiioe is greater than the body casting the shadow, 
Aiadow thrown upon a plane surface will be less than 
<A jj moreover, the further this surface is from the body, for 

^^ j^ace terminates in a point 

a luminous center is smaller than the opaque body casting the 
, the shadow will gradually increase in size with the distance, without 
ic ; thus the shadow of a hand held near a candle, and between a candle 
and the wall, is gigantic. 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is held to the light-producing center, as a 
candle, for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from the center 
in straight Imes, like lines drawn from the cfenter of a circle ; 
and therefore the nearer the object 
is held to the center, the greater 



Under irhat 
drcamstanoes 
vill the rise of 
a shadov be 
increased or 
diminiBhed ? 



Fig. 23L 




the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
number of rays, and produces the 

I . ^ shadow B F; while the same ar- 

.^C.TT'" T row held at 0, intercepts a smaller 

^^'^..'^' • .Y._^ number of rays, and produces only 

*^**--.,^^^^ ^ "' — Jf the little shadow D E. 
^^"**- When two or more luminous ob- 

jects, not in the same straight line, 
shine upon the same olject, each one 
will produce a shadow. 

646. The intensity of light which issues 
from a luminous point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thoa, at a distance of two feet, the intensity of light will bo one fourth of 
what it is at one foot; at three feet the intensity will be one ninth of what it 
is at one foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that from four, or nine 
candles at a distance of two or three feet, the numbers four and nine bemg 
the squares of the distances two, and three, from the center of illumination. 
647. This law, therefore, may bo made available for meas- 
unng the relative intensities of light proceeding from different 
sources. Thus, in order to ascertain the relative quantities of 
light furnished by two different candles, as, for example, a 
wax and a tallow candl«, place two discs or sheets of white 
13* 



Row do«s the 
intftuity of 
Bghtvary? 



TTpon what 
principle may 
the relative in- 
tensities of 
different In- 
minons bodies 
be ascertained? 
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papor, a fyw fteC apart on a wall, and throw the Ugbt of one candle on one 
diac, and the light of the other candle upon the other disa If they are o( 
unequal iUaminating power, the candle which affords the most light must 
bo moved back until the two discs are equally illuminated. Then, by meaa- 
uring the distance between each candle and tiie disc it illuminates, the lum- 
inous intenaities of the two candles may be calculated, their relative intensi- 
tio8 being aa the squares of their distances from the illuminated discs. I^ 
when the discs are equally Ulummated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the first 
candle is four times more luminous than the second; if the distance be triple, 
it is nine times more luminous, and so on. 

Instruments called " Photometers," operating in a similar manner, have a!80 
been constructed for measuring the relative intensity of two lummous bodies 
Their arrangement and plan of operation is substantially thd same aa in tho 
method described. 

What th ^^' ^^® ^'s'^* ^^ ^^^ ^^^ greatly exceeds in 
most inteniia intensity that derived from any other lamin- 
0U8 body. 

The most brilliant artificial lights yet produced, are very lar inferior to the 
splendor of the solar light, and when placad between the disc of the sun and 
the eye of the observer, appear as black spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lious of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times further from us than 
he is at present, to bo reduced to the illuminating power of Sirius. 

The light of the full moon has also been estimated as three hundred thou- 
sand times leas intense than that of the sun. 

During the day the intensity of the sun*s light is so great as to entirely eclipse 
that of the stars, and render them invisible; and for tlie same reason, we only 
notice the light emitted by fire-fiies and phosphorescent bodies in the dark. 

Arethetnnre- 649. Light docs not pass instantaneously 
SSStiJi^f through space, but requires for its passage from 

one point to another a certain interval of time. 
With what ▼«- The velocity of light is at the rate of about 
ti*^*^"''** one hundred and ninety-two thousand miles in 

a second of time. 

_. g Light occupies about eight minutes in traveling fi:om the 

lastrmtionB of 8un to the earth. To pass, however, from the planet 
uXii^°^ ®' Uranus to the earth, it would require an interval of three 
hours. 
The time required for light to traverse the space intervening between the 
nearest fixed star and the earth, has been estimated at 3} years ; and from 
the fjurthest nebulae, a period of several hundred years would be requisite, so 
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iamtenso Is their distaaco fixisi otir oarth. I^ therelbro, ono of the remoto fixed 
stars wcro today blotted from tho heavens, several generations on the earth 
\rould liave passed awaj before tho obliteration could bo known to man. 

The following^ conqutrison between the velocity of light and tlie speed of a 
looomotivo engine has been instituted :— Light passes firom tho sun to tho 
earth in about eight minutes; a looomotivo oagino, traveling at tho rate of 
a mQe m a minute, would require npward of one hundred and eighty years to 
accomplish tho same journey. 

xrho fimt as. 650. Tho velocity of light was first deter- 
JS^tyofii^ht? mined by Von Koemer, an eminent Danish 
astronomer, from observations on the satellites 
of Jupiter. 

Explain the "^® method by which Von Hoemer arrived at this result 
inothod hj maybe explained as follows: — ^Tho planet Jupiter is sur- 
Jld^ of ^ight rounded by several satellites, or moons, which revolve about 
wasdetermineti it in certain deOmta times. As they pass behind the planet^ 
o?Japiter'BBaS t*^®y disappear from the sight of an observer on tho earth, or 
cUitea. in other words, they undergo an eclipse. 

The earth also revolves in an orb:t about the sun, and in tho course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit. Suppose, 
now, a table to be calculated by an astronomer, at the time of year when the 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would bo observed to be eclipsed at that 
point Six months afterward, when the earth, in the course of its revolution, 
has attained a point 192 millions of miles more remoto from Jupiter than it 
formerly occupied, it would be found that tho ecUpse of the satellite would 
occur sixteen minutes, or 960 seconds, later than tho calculated time. This 
dslay is oocaaioned by the fact that the light has had to pass over a greater 
distance before reaching tho earth thsm it did when the earth was in tho op* 
posite part of its orbit, and if it requires sixteen minutes to pass over 192 mU- 
lions of miles, it will requfre one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding six months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will ocoar oxteen minutes earlier, or at the exact calculated time given 
in tlie tables. The velocity of lig^t, therefore, in round numbers, maybe con- 
sidered as 200,000 miles per second.* A more exact calculation, founded oa- 
perfectly accurate dota^ gives as the true velocity of light 192,500 miles per 
second. 

* The explanation above given will be made dear hy reference to the following dia- 
gram, Fij. 232. 8 represents the snn, a b the orhit of the earth, and T T' the position of 
tiie earth at different and opposite points of its orbit. J represents Jupiter, and E its 
satdlite. about to be eclipsed by passing within the shadow of the plinet Now the time 
of the commencement or termination of an eclipse of the satellite, is the instant at which 
tlM sateUite wonld appear, to an observer oa the earth, to enter, or emerge £rom tlis 
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Several other plans have been devised for determming the velocity of light; 
the results of which agree very nearly with those obtained by the observations 
on the satellites of Jupiter.* 
When is vLght G51. When a ray of light strikes against a 

reflected? surfacG, and IS caused to turn back orreboand 
in a direction different from whence it proceeded, it is said 
to be reflected. 

wh»t is ab- 652. When rays of light are retained upon 
iw^tion of ^Y^Q surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what becomes of the light which is absorbed by a body, 
can not be satis^torily answered. In all probability it is permanently re« 
tained within the substance of the absorbing body, since a body which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if.it had absorbed heat 

■hadoir of the planet If the transmission of light were instantaneons, it is obvions that 
an observer at T', the most remote part of the earth's orbit, would see the eclipse begin 
and end at the same moment as an obsenrer at T, the part of the earth* s orbit nearest to 
Jupiter. This, however, is not the ease, bat the observer at T' sees the eclipse 960 sec- 
onds later than the observer at T ; and as the distance between these two stations is 188 
millions of miles, we have, as the velocity of light in one second, 192,000,000-^-960= 
800,000. 

Pig. 232. 




• A very Ingenious plan was devised a few years since by M. Fisean erf Paris by which 
the velocity of artificial U«ht was determined and fonnd to agroe with Ifaat of solar light. 
A disc, or wheel, carrying a certain number of teeth upon its circninference, yrM made to 
revolve at a known rate : placing a tube behind these, and looking at the open spaces be- 
tween the teeth, they become leas evident to Bight, the greater the velocity of the moving 
wheel, until, at a certain speed, the whole edge appears transparent The rate at which 
the wheel moves being known, it is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it A ray of light is made to trsArerse many 
miles tbrousfh space, and then passes through the teeth of the revolving disc It moves 
the whole distance in just the time occupied in the movement of a single tooth to theplaca 
of another at a certain qpeed. 
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SECTION I. 

REFLECTION OF LIGHT. 

What occnra 653. When rays of light fall upon any sur- 
I^nSyiS! face, they may be reflected, absorbed, or 
****' transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When docs a C54. When the portion of light reflected 
S^lteand^S from any surface, or point of a surface, to the 
dark? QjQ ]g considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored; but when all, or nearly all the rays areabsorbed, and 
none are reflected back to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which falls upon it, 
and reflects none. Such a body can not be seen unless it is situated near 
other bodies which reflect light to it 

According to a variation in the manner of reflecting light, the same surface 
which appears whita to an eye in one position, may appear to be black from 
another point of view, as frequently happens in the case of a mirror, or of 
any other bright, or reflecting sur&ce. 

What are good Dcnsc bodics, particularly smooth metals, 
g^ortort of reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are non- 655. All bodics Hot in themselvcs luminous, 
JSJuS^'^f become visible by reflecting the rays of light. 

*^' It is by the irregular reflection of light that most objects in 

nature are rendered visible; since it is by rays which are dispersed from re- 
flecting sur&cefs irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
siir&ce of non-luminous bodies, we should see merely the image of the lumin- 
ous object, and not the reflecting surface* In the day-time, the image of the 
sun would be reflected from the surface of all objects aroufid us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
- be visible would be the multiplied reflection of the artificial lights. 

* In a very good mirror we scarcelf perceive the reflecting snrfaoe interveoing betveea 
u and ttie imagei It ihoin ui. 
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Wb«t effect hfts ^® atmosphere reflects light irregularlj, and every partiGla 
the atmospbere of air is a luminous center, vfhich radiates light in every direc- 

SononLht?**' *^^°- ^^^ ^* ^^ ^^^ ^^ *^® ^^'^ ^^^^* would only illumi- 
nate those spaces which are directly accessible to its rajs, and 

darkness would instantly succeed the disappearanceof the sun below the boriison. 
G56. Any surface which possesses the power 
of reflecting light in the highest degree is called 



THiet la a 

Mirror? 

a MlBBOR. 



Into how many 
elaoaes are mir- 
rors diTided? 




Mirrors are divided into three general classes, 
without regard to the material of which they con- 
sist, viz., Plane, Concave, and Convex Mirrors. 
These three varieties of mirrors are represented in Fig. 
233; A, being plane, like an ordmary looking-glass; B, ^^- ^33. 

concaye, like the inside of a watch-glass; and C, convex, ABC 
like the outside of a watch-glass, 
wiuifc Is the G57. When light falls upon 
Sr*rdiecttoa * plane and polished surface, 
of light f ^Q angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the 
motion of elastic hodies. 

Thus, in Fig. 234, let A B be the direction of an inci- 

Pj^ 234, ^®"* ^7 of light, falling on a mirror, F 0. 

It will be reflected in the direction B K 
If we draw a Ime, D B, perpendicular to 
the surface of the mirror, at the point of 
reflection, B, it wUl be found that the 
angle of incidence, A B D, is precisely 
equal to the angle of reflection, £ B D. 

The same law holds good in 
regard to every form of surface, curved as well as plane^ 

since a curve may be supposed 
to b3 formed of an infinite num- 
ber of little planes. 

Thus, in Fig. 233, the incident ray, E Q 
falling upon the concave surfiice, a C bj 
will still be reflected, in obedience to the 
same law, in the direction C B, the angle 
being reckoned fh>m the perpendicular to 
that point of the curve where the incident 
ray Mia. The same will also be true of 
the convex surfiu^ A C B. 
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vhatiamesTit 658. All image, in optics, is the figure of 
bj an image? q^^j object made by rays proceeding fix)m the 
several points of it. 

wbatteamm 659. A common looking-glass consists of a 
go^^ ooking- giagg plate, having smooth and parallel sur- 
faces, and coated on the back with an amalgam^ of tin 
and quicksilver. 
„ ,^ . Theimagesformedinacommonlookinff-fflass 

Hotraretheim- » t ^ ii /% oo^ 

132Skto'"S«i? ^^® mamly produced by the reflection of the 
rays of light from the metallic surface attached 
to the back of the glass, and not from the glass itself. 

The effect maj be explained as foUovTs: — A portion of the light incident 
upon the anterior surface is regularly reflected, and another portion irregu- 
larly The first produces a very fisunt image of an object placed before the 
glass, while the other renders the surface of the glass itself visible. Auother, 
and much greater portion, however, of the light filing upon the anterior sur- 
face passes uito the glass and strikes upon the brilliant metallic coating upon 
the back, from which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object There are, therefore, strictly speaking, 
two images formed in every looking-glass — ^the first a faint one by the light 
reflected regularly fh>m the anterior surface, and the second a strong one by 
the light reflected from the metallic sur&oe; and one of these images will be 
before the other at a dis>tanco equal to the thickness of the glass. In good 
mirrors, the superior brilliancy of the image produced by the metallic surface 
will render the faint image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the surfaces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it^ the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it. This amount of polish it is impossible to effect arti- 
ficially, but in many of the large plate-glass mirrors manufactured at the pres- 
ent time, a high degree of perfedsoii is attained. Such a mirror placed ver- 
tically against the wall of a room, appears to the eye merely as an opening 
leading into another room, predsely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented fh>m attemptmg to 
walk through such an apparent opening by encountering his own image m 
he approaches it 

In what man- ^^^' '^ plane mifror only changes the direc- 
ncr doe* a tiott of the rays of light which fall upon it, 

plane mirror ., _, ,*' .,. ,.. . , ^ ^i 

reflect ray»of without altering thciF relative position. If 
they fall upon it perpendicularly, they will be 

* An amalgam ia a mixture or oompoand of QuieksUTer and nme other metaL 
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feflected perpendicularly ; if they fall upon it obliquely, 
they will be reflected obliquely ; the angle of reflection 
being always equal to the angle of incidence. 
When win the ^^ *^® ^^° 8ur&ce9 of mirTOW are not parallel, op tmeren, 
image in a then the rays of light fiiUing upon it will not be reflected r^u- 
»Ja?<^t^ larly, and the image will appear distorted. 

•*' 661. We always seem to see an object in the 

How is an ap- dircction from which its rays enter the eye. A 
ofpiaeecaased mirror, therefore, which, by reflection, changes 
' *°' the direction of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fall obliquely upon a mirror, and are reflected 
to the eye, we shall 8eem to see the candle in the mirror in the direction 
in which they proceed after reflection. 

If we lay a looking-glass upon the floor, with its fece uppermost, and place 
a candle beside it, the image of the candle will be seen in the mirror, by a 
person standing opposite, as inverted, and as much below the surfece of the 
glass as the candle itself stands above the glass. The reason of this is, that 
the inddent rays finom the candle which fall upon the mirror are reflected to 

the eye in the same 
^^*^^^- direction that they 

would have taken, had 
they reaUy come from 
a candle situated as 
much below the sur- 
face of the glass, as 
the flrst candle was 
above the surfece. 
This feet will be 
clearly sliown by re- 
ferring to Fig. 236. 
When we look into a plane mirror (the common looking-glass) the rays of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came fh)m a point holding a corresponding posi- 
tion behind the mirror ; and therefore produce the same efffect upon the eye 
of the observer as if they had actually come fix)m that point The image 
iA the glass, consequently, appears to be at the same distance behmd the 
surface of the glass, as the object is before it 

Let A, Fig. 237, be any point of a visible object placed before a lookmg- 
glasa, M N. Let A B and A C be two rays divei^ging from it, and reflected 
from B and to an eye at 0. After reflection they will proceed as if they 
had issued fiwm a point, a, as far behind the surface of the looking-glass 
as A is before it— that is to say, the distance A N will be equal to the 
distance N a. 
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For this reason our reflection in Fia. 23*7. 

a mirror seems to approach us when 
we walk toward it, and to retire 
from U3 as we retire. 

Upon the same principle, when 
trees, buildings, or other objects 
are reflected from the horizontal 
surface of a pond, or other smooth 
sheet of water, they appear in- 
verted, since the light of the object, 
reflected to our eyes^ from the 
sur&ce of the water, comes to us 
with the same direction as it 
would have done, had it proceeded 
directly from an inverted object 
in the water. 

In Fig. 238, the light proceed- 

Fia. 238. ^"S ^^^^ *^® arrow-head. A, strikes the water 

at F, and is reflected to t), and that from 
the barb, B, strikes the water at E, and is 

I\ y-y reflected to 0. A spectator standing at 0- 

\ y/ will see the reflected rays, E G and F Gr, as 

~ * ^ if they proceeded directly from C and D, and 

the image of the arrow will appear to be lo- 
cated at C D. 

It is in accordance with the law that the 
angles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflected from the 
surface of a comparatively small mirror. Thus, in Fig. 239, let a person, D, 
Fig. 239. be placed at a suitable distance from a mir- 

^ jL jj ror, A B. The rays of light, C A, proceed- 

ing from the head of the person, fall perpen- 
dicularly upon the mirror, and are therefore 
reflected back perpendicularly, or in the 
same line; the rays B D proceeding from 
^ 5 the feet, however, fall obliquely upon tho 

mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behind 
the mirror. 




662. The quantity of light reflected from a 
given surface, is not the same at all angles, or 
inclinations. When the angle or inclination 
with which a ray of light strikes upon a reflecting surface 
is great, the amount of light reflected to the eye will he 



Is the same 
quantity of light 
reflected at all 
angles? 
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considerable ; when the angle, or inclination is small, tho 
amount of light reflected will bo diminished. 

Thus, for example, when light falls perpandicularly upon tho surface <^ 
glass, 26 rays out of 1,000 are returned ; but when it falls at an angle of 
85^, 550 ra^^s out of 1,000 are returned. 

Thus, a sur&ce of unpolished glass produces no imago of an object by ro- 
flection when the rays £iU on it nearly perpendicularly ; but if tho flamo of a 
candle be held in such a position that the rays fall upon tho surface at a very 
small angle, a distinct image of it will bo seen. 

We have in this an explanation of the j^t, that a spectator standing upon 
the bank of a river sees the images of the opposite bank and tho objects upon 
it reflected in the water most distmctly, while the images of nearer objects 
are seen imperfectly, or not at alL Here the rays coming from tlie distant 
objects strike the sur&ce of the water very obliquely, and a sufficient number 
are reflectefl to make a s^isible impression upon the eye ; while the rays pro- 
ceeding from near objects strike the water with little obliquity, and the light 
reflected is not sufficient to make a sensible impression upon tho eye. 

This £ict may be dearly seen by reference to Fig. 2-40. 

Fig. 240. 




Let S be the position of the spectator ; and B the position of distant 
objects. The rays R and B B which proceed from them, strike the surCico 
of the water very obliquely, and the light which is reflected in the direction 
B S is sufficient to make a sensible impression upon the eye. But 'm regard 
to objects, such as A, placed near the spectator, they are not seen reflected, 
because the rays A B' which proceed from ih^m strike the water with but 
little obHquity ; and consequently, the part of their light which is reflected 
in the direction B' S, toward the spectator, is not sufficient to produce a sen- 
sible impression upon the eye. ^ 

What i«! the 663. If an object be placed between two 
p?wiiei*'Van2 P^ne mirrors, each will produce a reflected 
mirrors? image, and will also repeat the one reflected 

by the other — the image of the one becoming the object 
for the other. A great number of images are thus pro- 
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duced, and if the light were not gradually weakened by 
loss at each Buccessivo reflection, the number would be in- 
finite. 

If the mirrors are placed so aa to form an angle with each other, the num- 
"ber of matual reflections will ba diminUhed, proportionably to the extent of 
the angle formed by the mirrors. 

n scribe th '^^^ construction of the optical instrument called the Kalei- 

Kaleidoseope. doscope is based simply upon the multiplication of an image 
by two or more mirrors inclined toward each other. It con- 
sists of a tubecontaming two or more narrow strips of looking-^lass, which 
run through it lengthwise, and are generally incluied at an angle of about 
60°. If at one end of the tube a number of small pieces of colored glass 
and other similar objects are placed, they will be reflected fix)m the mirrors 
in such a way as to form regular and most elegant combinatious of figures. 
An endless variety of symmetrical combinations may be Ihus formed, since 
every time the instrument is moved or shaken the objects arrange themselves 
differently, and a new figure is produced. 

Wh d th Upoi* the surface of smooth water the sun, when it is nearly 

Ban appear at vertical, as at noon, appears to shine upon only one spot, 
Sr^on^ "*<me ^'*^ *^® '^^^ °^ **^® wsiter appearing dark. The reason of this 
point upon the is, that the rays fall at various degrees of obliquity on the 
▼ator? ^^ water, and are reflected at similar angles ; but as only those 
which meet the eye of the spectator are visible, the whde sur- 
£Kse will appear dark, except at the point where the reflection occurs. 

Pj^ 24L Thus, in Fig. 241, of the rays 

S A, S B, and S C, only the ray 
S C meets the eye of the specta- 
tor, D. The point C, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
8ur£ice. 

Another curious optical pheno- 
menon is seen when the rays of 
the sun, or moon fall at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward the eye of the 
spectator, while all the rest of tliO 
surface appears dark. The reason 
of this appearance is, that every little wave, in an extent perhaps of miles, has 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is succeeded by others. 
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What is a Oon- 
eaye Mirror 1 



ITov are paral- 
lel rays reflect- 
ed from a con- 
care mirror? 



664. A concave mirror' may le considered 
as the interior Burfiace of a portion^ or segment 
of a hollow sphere. 

Thia is dearly shown in Ftg. 242. 

A, ooncaTO mirror may be represented bj a bright spoon, or the reflector of 

a lantern. 

When parallel rays of light fall upon the 
surface of a concave mirror, they are reflected 
and caused to converge to a point half way 
between the center of the surface and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 

Thus, in Fig. 242, let 1, 2, 3, 4> etc., be 
parallel rays fiiUing upon a concave mu> 
ror; they will, after reflection, be found con 
Terglng to the point o, the principal focus, 
which is situated half way between the 
center of the sur&ce of the mirror and 
the geometrical center of the curve of the 
mirror, a. 

665. Concave 
mirrors are some- 



FlO. 242. 




^^^.-"^ 



Why are con- 
cave mirrors 
called barniBg 

mirrors? timcs designated 

as "Burning Mirrors," since 
the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as the 
area of the mirror exceeds the area of the focus,* 

666. Diverging rays of light issuing from a 



luminous body placed at the center of the curve 



In what man- 
ner are diverg- 

fleeted from a of a coucavc sphcrical muTor, will be reflected 
concave - ^^^^^ ^^ ^^^ ssime poiut from which they divei^d. 

• A hnming mirror, 20 inches in diameter, eonstrueted of plaster of Paris, gilt and bur- 
nished, has been found capable of igniting tinder at a distance of 60 feet It is related 
that Archimedes, the philosopher of Syracuse, employed burning mirrors 200 years before 
the Christian era, to destroy the besieging navy of Marcellns, the Roman consul ; his 
mirror was probably constructed of a great number of flat pieces. The most remarkable 
experiments, however, of this nature, were made by Buffon, the eminent French natural- 
ist, who had a machine composed of 168 small plane mirrors, so arranged that they all 
reflected radiant heat to the same focuSi By means of this combination of reflecting snr* 
faces he was able to set wood on fire at the distance of 209 feet, to melt lead at 100 feet, 
and silver at 50 feet 
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Fig. 244 




f 
k 



Pick 243. Thus, if A B, Fig. 243, were a concave spheri- 

cal mirror, of which C were the center, rays issu* 
ing from would, in obedience to the law that 
the angle of incidence and reflection are equal, 
meet again at C» 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, will be re- 
flected in parallel lines. 

Thus, m Fig. 244, if F represent a can- 
dle placed before a concave mirror, A B C, 
half way between tho center of its surface, 
B, and the center of its curve, 0, its rays, 
fiilling upon the mirror, will be reflected *[ 
in the parallel Imes defgK 

This principle is taken advantage of in 
the arrangement of the illuminating and 

reflecting apparatus of light-houses. The lamps are placed before a concave 
mirror, in its principal focus, and the rays of light proceeding from them are 
reflected parallel from the surfece of the mirror. 

"When the rays issue from a point, P, Fig. 
245, beyond the center, 0, of the curve of the 
mirror, they will, after reflection, converge to 
a focus, / between the principal focus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue from a 
point between the principal focus, F, and the 
surface of the mirror, they will diverge after 
reflection. 

667. Images are formed by concave mirrors 
in the same manner as by plane ones, but they 
are df different size from the object, their gen- 
eral effect being to produce an image larger than the 
object. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 
This will be apparent from Fig. 246. Let a be an object situated 
within the focus of the mirror. The rays from its extremities will fr 
divergent on the minor, and be reflected less divergent to the eye at 



Fia. 246. 
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cftve aairronf 



When will the 
image formed 
by a coneavQ 
mirror be magi* 
nifiedr 
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Fio. 24<i. a3 thoagh they proceeded from- an ob- 

ject befaind the mirror, as at ^ To an 
^ eye at b also, the image will appear 
^if^ 'Y larger than the object a^ since the angle 




\ t of vision is larger. 



__ the rays proceed from a distant body, 
\ aa at E D., Fig. 247, beyond the cen- 
m t3r, 0, of a spherical ooncave mirror, A B, 
==•■■* they will, after reflection, be conyerged to 
a focus in front of the mirror, and some- 
what nearer to the center, C, than the prin- 
paint upon any 



Fio. 247. 




cipal focus, and there 
substance placed to receive it, an im- 
age inverted, and smaller than the object ; 
this image will be very bright, as all the 
light incident upon the mirror will be gath- 
ered into a small space. As the object 
approaches the mirror, the image recedes 
from it and approaches C ; and when situ- 
ated at C, the center of the curve of the mirror, the image will be reflected 
as large as the object ; when it is at any point between C and/ supposing / 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant from the mirror than the object, this distance increasing, until the ob- 
ject arrives at/, and then the image becomes infinite, the rays b^g reflected 
parallel* 

668. When an object is further from the 
surface of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the olyect is between the mirror and its 
principal facua, the image will be upright, and 
increase in size in proportion as the object is placed nearer 
to the focus. 

The fact that images are formed at the foci of a concave mirror, and that by 
varying the distance of objects before the surface of the mirror, we may vary 
the position and size of the images formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thus^ 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the rays from the object might be reflected 
from the mirror in such a manner as to pass throua:h an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a cloud of smoke 

♦ In ??11 fhe ca8e«i referred to, of the reflection of l{q;1it from concave mirrors, the aper- 
ture or carvature of the mirror is preramM to be Inoonsiderable. If it be increaaed be- 
yond a certain limit, tha nya of light iacident upon it ara modified in their raftaotioa 
0mm its saxfiMii 



When win the 
images reflect- 
ed Irom a con- 
eave mirror 
appear invert- 
ed, and when 
erect? 
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from burning incenas were caused to ascend at this point, an image would be 
formed upon it, and appear suspended in the air in an apparently supernatural 
manner. In this way, terrifying apparitions of skulls, daggers, etc., were 
produced. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 



TV'hitiaaCon. 
▼axUirror? 

a sphere. 

Where te the 
principal focas 
of s convex 
mirror? 
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The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664.) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let abode, Fig. 248, be 
parallel rays incident upon a convex 
mirror, A B, whose center of curvature 
is 0. These rays are reflected diverg- 
ent, in the directions a h' c d' e\ as 
though they proceeded from a pointy 
F, behind the mirror, corresponding 
to the focus of a concave mirror. 

If the point be the geometrical 
center of the curve of the mirror, the 
point F wUl be half way between 
and the surface of the mirror; as this 
focus is only apparent, it is called the virtual focus. 

Eays of light falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

FlO. 249. 

670. The general effect 
of convex mirrors is to 
produce an image smaller 
than the object itself. 

Thus, in Fig. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- 
ing from it will be reflected from the convex sur- 
&ce to the eye at H K, as though they proceeded 
ftx)m an object, d e; behind the mirror, thus pre- 
senting an image smaller, erect, and much aearer 
the xoirror than tha object. 
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rerging and 
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ThuB the globular bottles filled with oolored liqold, in the window of a 
drag-store, exhibit all the variety of moving scenery without, sach as car- 
riages, carts, and people moving in different directions: the upper half of 
each bottle exhibiting all the images inverted, while the lower half exhibits 
another set of them in the erect position. 

Convex mirrors are sometimes called di^tersing nnrrors, as all the rays of 
light which fell upon them are reflected in a diverging direction. 

"Wb»t !■ c«- 671. That department of the science of 
toptriot? optics which treats of reflected light, is often 
designated as Catoptrics. 

SBOTIOU II. 

BSFBACTION OT LIGHT. 

'Whatbrnaani Light travcrses a given transparent snb- 
tion*5fiShJr ®**°^®> ®^^^ ^ *"*» water, or glass, ia a straight 
line, provided no reflection occurs and there is 
DO change of density in the composition of the medium ; 
but when light passes obliquely from one medium to an- 
other, or from one part of the same medium into another 
pait of a different density, it is bent from a straight line, 
or refracted. 

What Is a me- 672. A uiedium, in optics, is any substance, 
dium in optica f golid, Uquid, Or gaseous, through which light 
can pass. 

A medium, in opticsi is said to be d^ise or rare, according to its power of 
refracting light, and not according to its q>edfic gravity. Tlius alcohol, oUvo 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refractive power ; they 81^^ therefore, called denser 
media than water. 

673. Tlie fundamental laws which govern the refraction of light may bo 
stated aa follows : 

Whatiairsisov. When light passes from one medium into 
S^SuSltT" another, in a direction perpendicular to the 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased or diminished in proportion as the rays &VL more 
or less obliquely upon the refracting surface.. 
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Fig. 250. 




Fio, 251. 



When Hght passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a moro 
oblique direction, and further from a perpendicular to the 
sur&ce of the denser medium. 

Thus, in Fig. 250, appose n m to represent tho 
I sor&ce of water, and S O a ray of light etriking 
ijpon its sur&oe. When the raj 8 O enters tho 
I water, it will no longer pursue a straight course^ 
but will be refracted, or bent toward tho perpen* 
dicular line, A B, in the direction S O. The denser 
the water or other fluid may be, the more the ray 
S O H will be redacted, or turned toward A B. 
I^ on the contrary, a ray of light, H O, passes from 
the water into the air, its direction after leaving tho water will bo farther from 
the perpendicular A 0, in the direction O & 

The effects of the refraction of 
light may be illustrated by the fol- 
lowing sijiple experimenc: — Let a 
com or any other object be placed 
at the bottom of a bowl, as at m, 
Fig. 251, in such a manner that the 
eye at a can not perceive it, on ac- 
count of the edge of tho bowl which 
intervenes and obstructs tho rays of 
light If now an attendant care- 
fully pours water into the vessel, the 

coin rises into view, just as if the bottom of the basin had been elevated 
above its real level This is owmg to a refraction by the water of the rays 
of light proceeding from the coin, which are thereby caused to pass to tho 
eye in the direction t C The image of the coin, therefore, appears at n, in the 
direction of these rays, mstead of at m, its true position. 

A straight stick, partly immersed in water, appears to be broken or bent 
at the point of immersion. This is owmg to the fact that the rays of light 
proceeding from the part of the stick contained in the water are refracted, or 
caused to deviate from a straight line as they pass from tho 
water mto the air ; consequently that portion of the stick 
immereed in the water wtXL appear to be lifted up, or to 
be bent in such a manner as to form an angle witii tho 
I part out of the water. 

The bent appearance of the stick in water is represented 
m Fig. 252. For the same reason, a spoon m a glass of 
water, or an oar partially immersed in water, always ap* 
pears bent. 
On account of this bending of Ught from objects under water, a person who 
endeavors to strike a fish with a spear, must, unless direcfly above the fish, 

14 




Fig. 252. 
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mm at a point; apparently below it, otberwiso tho weapon will miss, bj pass- 
ing too high. 

A rivar, or any clear water viewed obliquely from tho bank, appears moro 
ehallow than it really is, sinco the light proceeding from tho objects at tho 
bottom, is refracted as it emerges from tho surface of the water. Tbo deptli 
of water, under such ciTcnmstanc?s, is about ono third more than it appears, 
and owing to this optical deception, persons in bathing are liablo to get be- 
yond their dopth. 

Lic^ht, on onterinj^ the atmosphere, is re- 

Whatisatmos- /. , i ' ^ i j • 

p^j-io rafrdc- fracted in a. greater or less degree, m propor- 
tion to the density of .the air; consequently, 
as that portion of, the atraosphero nearest tho surfaco 
of the earth possesses the greatest density, it must also 
possess the greatest refractive power. 

__ ^ - ^. From this causo tho sun and other celestial bodies arc never 

refraction upon seen m their true situations, unless they happen to be verti- 
iho Buifj^"" **' ^ ' ^°^ *^° nearer they aro to tho horizon, the greater will 

be the influcnco of refraction in altcriDg tho apparent place of 
any of these luminarie& 

This forms one of the sources of error to be allowed for in all astronomical 
observations, and tables are calculated fv)r finding the amount of refraction, 
depending on the apparent altitude of the object, and the state of the barom- 
etor and thermometer. "When the object is vertical, or nearly so, this error 
is hardly sensibla, but increases rapidly as ii approaches the horizon; so that> 
in tha morning, the sun is rendered visible before ho has actually risen, and 
in the evening, after he has set 

Por the same reason, mommg does not occur at the in- 
Surw of twi- B^^^ of the sun's appearance above the horizon, or night 
Us^t? 83t in as soon as he has disappeared below it. But both 

at morning and evening, tho rays proceeding from the sun 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the surface of the earth, and thus, in connection with a reflect- 
ing action of the particles of the afr, produce a lengthening of the da}^ termed 
twihght. 

In irhat man- '^ *^® density of the air diminishes gradually upward from 
ner ia li jhk re- the earth, atmospheric refraction is not a sudden change of 
atmo?phMe?* direction, as in the case of the passage of light from air into 

water, but the ray of light actually describes a curve, being 
refracted more and more at each step of its progresa This applies to 
the light received from a distant object on the surface of the earth, which ia 
lower or higher than the eye, as well as to that received from a celestial ob- 
ject, since it must pass through air constantly increaRinj? or diminishing in 
density. Hence, in the engineering operation of levelhig, this refraction most 
be taken Into consideration. 
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6Y4. The application of the laws of refraction of light ac- 
count for many curious deceptive appearances in the at- 
mosphere, which are included under the general name of 
Mirage. In these phenomena^ the images of objects far remote arc seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert, where the surface of the earth is highly heated by the sun, are often 
deceived by the appearance of water in the distance, sizrrounded by trees and 
villages. In the same manner at sea^ the images of vessels at a great distance 
and below the horizon, will at times appear floating m the atmosphere. Such 
appearances are frequently seen with great distinctness upon the great Amer- 
ican lakes. These phenomena appear to be due to a change in the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata resting upon the (and may be rendered much 
hotter, and those resting upon the water much cooler, by contact with tho 
sur&ce, than other strata occupying more elevated positions. Rays, there- 
ibre. on proceeding from a distant object and traversing these strata^ will be 
unequally reflected, and caused to proceed in a curvilinear direction ; and in 
this way an object situated behind a hill, or below the horizon, may bo 
♦ brought into view and appear suspend* 

Fig. 263. ^A od m the air. This may be readily 

understood by reference to Fig. 253. 
Suppose the rays of light from tho 
ship, S, below the horizon to reach 
the eye, after assuming a curvilinear 
direction by passing through strata of 
air of varying density; then, as an 
.<! object always appears in the direction 
in which the last rays proceeding from 
It enter the eye, two images will be seen in the direction of the dotted 
Hues, one of them being inverted. 

These phenomena may be sometimes imitate:!. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance from it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and Ijok through them at some object, it will be seen 
distorted and removed from its true place, by reason of the unequal refractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
like the angle of reflection, equal to the angle 
of incidence ; hut it is nevertheless subject 
to a definite law, which is called the law of 




Is the anrle 
of reflraction 
eqnal to the 
anfirle of ind- 
dence? 



Bines. 

Vhatlsaiinef 



A sine is a right line drawn from any point in one of the 
lines inclosing an angle, perpendicular to tho other line. 
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Fio. 254 Thus, in Fig. 244, let A B C be an angle ; then 

a will be the sine of that angle, being drawn from 
a point in the line A B, perpendicular to the fine 
B G. Two an^es may be compared bj means of 
their sines, bnt whenever this is done, the lengths 
of the sides of the angles must be made equal, be- 
cause the sme varies in length according to the length of the lines forming 
the angle. 
The general law of reflraction is as follows :— 

Wha b When a ray of light passes from one medium 
generally of to another, the sine of the angle of incidenco 
is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between theso sines diSers when different media 
are used ; but for the same medium it is always the same. 



TiQ, 253. 
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Thus, in Fig. 255, let F E be the surfaco of 
some refracting medium, as water, and H B, 
H"' E, rays incident upon it, at different angles; 
the former will be refracted in the direction 
B I'; a and h will be the sines of the angle 
of incidence, and c dthe sines of the angle of 
refraction ; and the quotient arising from di- 
viding 5 by c, is the same as that from divid- 
ing ahy d» In the case of air and water, 
the sine of the angle of incidence in the air 
will be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a different ratio would be observed with equal constancy. 

The quotient found by dividing the sine of, 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraction. 
As different bodies hive different refractive powers, they will present di^ 
farent indices, but in the same substance it is alwa3r3 constant. Thus, tho 
refi'active index of water is 1.335, of flint glass, 1.55, of the diamond, 2.487. 
Is light erer ^^ surface ever transmits all the light which tdls upon i^ 
whoUy trans- but a portion is always reflected. If, m a dark room, vro 
"®^' allow a sunbeam to fall On the surface of water, the division 

of the light into a reflected and refracted ray will be clearly perceptible. 
^ ^ ^ , , When t!ie obliquity of ah incident ray passing through a 

Under what cir- , ,. •^, , ., , . . x • v - 

cumstanceswiu denser medium toward a rarer (as through water mto air); is 
such that the sine of its refracting angle is equal to 90®, it 
ceases to pass out, and is reflected ftom the surfiice of tho 
denser medium back into it again. This constitutes the only known instance 
^{ the total reflection of light. The phenomenon may be seen by looking 



What is 
Index of 

fraction? 



the 
re- 



t >tal reflection 
of li£;ht occur? 
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tiiroiigh the sides of a tumbler oontomitig water, up to the surface in an 
obbque direction) when the sur&ce will be seen to be opaque, and more re- 
flectiTe than any mirror, appearing like a sheet of burnished silver. 

Ko law has yet been discovered which will enalile us to 
SnwB^^u- i^^ of the refractive power of bodies from their other quali- 
enca the re- tie& As a general rule, dense bodies have a greater refi ac» 
^tbo^ff^^ ^v® power than those which are rare; and the refractive 
power of any particular substance is increased or diminished 
in the same ratio as its density is increased or diminished. Refractive power 
seems to be the only property, except weight, which is unaltered by chemical 
combination ; so that by knowing the refractive power of the ingredients, we 
can calculate that of the compound. 

All highly inflammable bodies, such as oils, hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refiiactive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses ibe 
greatest refractive or light-bending power, allhough it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before the combustibility of the diamond was proved by ex- 
perimqnt, Sir Isaac Kewton predicted, from the circumstance of its high re- 
fractive power, that it would ultimately be found to be inflammabla 

If the surface of any naturally transparent body is made 
rough and irregular, the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rou^h on its surface loses its transparency; but if we rub a 
ground glass surface with wax, or any other substance of nearly the same 
optical density, we fill up the uregularities and restore its transparency. Horn 
is translucent, but a horn shaving is nearly opaque. The reason of this is 
that the surface of the shaving has been torn and rendered rough, and the 
rays of light £Uling upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent On the same prindple, by filling 
up the pores and irregularities of the sur&ce of white paper, which is opaque, 
with oil, we render it nearly transparent 

How is refr»c- Accoi-diug to the undulatory theory of light, 
tfon eccounted yefraction is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. Accordii^ to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attractive influences on the particles of 
light coming in contact with them. 

That department of the science of optics 
which treats of the refraction of light is termed 



Whatts Diop- 
trics* 



Dioptrics. 



What ensaea 
irhen light 
paflses through 
media irith par- 
allel Burfkoes? 



Fig. 256. 



C76. When a ray cf light passes through a 
transparent medium whose sides where the 
ray enters and emerges are parallel, it wii 
suffer no permanent change of direction by 

refraction, since the second surface exactly compensates 

for the refractive effect of the first. 

Thna let A A, Fig. 256, bo a plato of 
glass, whose sides are parallel, and B G a 
raj of light incident upon it ; it will bo ro- 
firacted in the direction C D, and on leaving 
the glass will be refracted again, emeiging 
in the lino D E, parallel to the course it 
would have pursued if it had not been re- 
fracted at all, and which is shown by the 
dotted line. A small lateral displacement is, 
however, occasioned in the path of the raj, 
depending on the thickness of the glass 
plate. 
This explams the reason whj a plato cf 
glass in a window whose sarfaces are perfectly parallel, occasions no distor- 
tion, or alteration of the position of objects seen through it, by reason of its 
refractive power. The rays suffer two refractions in contrary directions, which 
produce the same effect as if no refraction had taken place. 

If the surf Vices of the medium through which 
light passes are not parallel, the direction of 
every ray passing through it is permanently 
altered, the change being greater as the incli- 
nation of the two surfaces is greater. 

Thus window-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swelling, or lump of glass known as the " bull's eye," which is sometimes 
seen in the center of very coarso panes of glass, and which remains where 
the glass-blower's instrument was attached. 

What in a 677. Any glass having two plane surfaces 
^'*™' not parallel, is called a Fbism. 
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when light 
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As ordinarily constructed, a prism U aa Fio. 257. 

oblong, triangulv, or wedge-sbaped piece cf 
glass, with sides inclined at any angle, as 
ij reprcsontcd in Fig. 257. 

Explain theac ^^ ^°^^^°ff ^'^^^^S^ » 

lion of the prism, all objects are seen 
prisxa. removed from their truo 

placa Thus, bt C A B, Fig. 258, bo a prism, and D E a ray cf liglit inci- 
Fio. 253. dent upon it ; it will bo refracted i:\ 

the direction E F, and on emergiR", 
^ O-.^^ A "^^^^ again b3 refracted in the direc- 

tion F II; and as oljccts always 
appear in the direction in wliich tl:o 
last ray enters tho eye, tho object 
D will appear at G, in tho direction 
of tho dotted line, elevated above its 
real position. If tho refracting angle, A C B, had been pkced downward, 
the object would havo appeared as much depressed. 

The prism, although of simple construction, is one of tho most important 
of optical instruments, and to its agency wo are indebted for most of the in- 
formation wo possess respecting the naturo and constitution of light. Tho 
beautiful and complicated results of its practical application belong to that 
department of optics which treats of tho phenomena of color. 

_^ . 678. A Leks is a piece of rfass cr other 

What 13 a Lens? ^ ^ , t . \ -iii,., 

transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface. Rays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish tho appearance of objects 
at a certain distance. 

iTow many Thcrc aro six different kinds of simple lenses, 
S:J^3^3»ere? ^^^ of which may be considered as portions of 

the external or internal surface of a sphere. 
Four of these lenses aro bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 250 represents sectional views of the £ix varieties of simple lenses. 
Expiaiithofii''- -^ dotible convex lens is bounded by two 
Sntje.""***"**^ convex spherical surfaces, as at A, Fig. 259. 

To this fignro'the appellation of lens was first applied from 
its resemblance to a lentil seed (in Latin, hmb). 

A plano-convex, or single convex lens has ono side 
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bounded hj a plane surface, and the other by a convex 
Burface. It is represented at B, Fig. 259. 

Fig. 259. 




A meniscus, or concavo-conyex lens is convex on one 
side and concave on the other, as at Oy Fig. 259. 

To this kind pf lens the term ^* periscope'' has recently been applied, from 
the Greek, signifying to view on all sides. 

A double concave lens is concave upon both sides^ as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded on 
one side by a plane, and on the other by a concave sur- 
face, as at E, Fig. 259. 

A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex surface, as at F, 
Fig. 259. 

Into how many Tbc six Varieties of simple lenses are divided 
lenS? be™i^ into two classcs, which are denominated con- 
vidcd? verging and diverging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divergent. 

In Fig. 259 A B C are converging, or collecting lenses, and DBF divei^ 
ing, or dispersing lenses. The former are thickest at the center; the latter 
are tliinner at the center than at the edge& 

tn the first dass it is sniBcient to consider only the dofoble-conTex len^ 
and in the second class only the double-concave lens^ since the properties ol 
each of these lenses apply to all the others of the same class. 

For optical purposes lenses are generally made of glass, but in some 
instances other substances are employed, such as rock-crystal, the dia- 
mond, etc. 

What !■ the ^^ fill the various kinds of lenses there mast 

SSTiir**" ^e a point through which rays of light passing 

experience no deviation ; or in other words. 
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the incident and emergent rays are parallel. Such a point 
is called the optical center of a lens. 
What la ttie ^hc axis of a lens is a straight line passing 
axis of a lens? through the ccntcr perpendicular to the sur- 
face of the lens. 

Wh is 1 8 ^° *^^ ^^°® ^^ ^® situated the geometrical centers of the 
considered ez- two surfaces of the leDs, or rather of the spheres of which 
actlyceutered? they form portions. 

A lens is said to be truly or exactly centered when its optical center is sit- 
uated at a point on the axis equally distant from corresponding parts of the 
Bur&c3 in e/ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicularly to its axis. 

In what man- 679. Parallel rays of light falling upon a 

S^"®S^d double-convex lens are converged to a focus 

lixaf *^°^^ ^* ^ distance varying with the curvature of 

its sides. 

FiQ, 260. ^bo double-conirez lens may be regarded as 

two prisms, with curved surfiices, united at 

their bases, as is represented in Fig. 260; 

and as in a prism the ray of light refracted 

by it is always turned toward its back, or 

thicker part (whether that be turned upward, 

downward, or to either side), it follows that 

when parallel rays fall upon a double-convex 

lens, or two prisms united at their bases, they 

will converge to a point 

What 18 the The point where parallel rays of light fall- 
??°a^TOx ^^S ^PO^ ^^® ^^^® ^^ * convex lens unite by 
lens? refraction upon the opposite side, is called the 

principal focus of a lens. 

What is the The distance from the middle of a lens to 
JfTteMf"** its principal focus, is called the focal distance 
* of a lens. 

This in a single convex lens is equal to the diameter of the sphere of which 
the lens is a portion ; in a double-convex lens it is equal to the radius, or 
semi-diameter of the sphere of which the lens ia a portion. 

The focal distance of parallel rays &lling upon a convex lens is repre- 
sented at A, Fig. 261. If the rays are converging, as at B, they will come 
to a focus sooner, and if diverging, as at 0, the focus will be further fh>mthe 
lens than for parallel rays. 

The focus of a convex lens may be easily found by allowing the rays of 
the sun to fall perpendicularly upon one side of it, while a sheet of paper is 

14* 
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FiO. 261. 



On what prin- 
ciple may con- 
rex lenoes be 
nwd as bnm- 
ing-glaflMS? 




held on the other. A bright rinj? of light wTl 
be obserred on the paper, dlminishiny or in- 
creasing in size according to the distance of 
the paper fix>m the glass. If the former is held 
in such a manner that the ring of light is re- 
duced to a dazzling luminous point, as is rep- 
resented m Fig. 262, it is then situated in the 
locus of the glass. 

680. From their prop- 
erty of converging par- 
allel rays to a focus^ 
convex lenses, like con- 
cave mirrors, may be used for the 

Fio. 262. production of high temperatures, by con- 

centrating the rays of the sun. 

The ordinary burning, or sun-glass, as is represented 
in Fig. 262, is simply a double-convex lens. By the 
employment of very large lenses, a degree of heat 
may be produced far exceeding that of the best con- 
structed furnace * 

the employment of convex lenses as 
burning-glasses, the heat concentrated at the 
focus is to the common heat of the sun, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four inches in diameter collects the sun^s rays into a focus at 
the distance of twelve inches, the focus will not be more than one tenth of an 
inch in diameter; its sur&ce, therefore, is 1,609 times less than the sur&oe 
of the lens, and consequently the heat will be 1,600 times greater at the focus 
than at the lens. 

681. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens are so re- 
fracted in passing through it, that they diverge 
on emerging from the lens, as though they 
issued from a focus behind it. The focus, 

* A lens of this character iras constmoted many jean rinee in England, three feet in 
diameter, with a focal distance of six feet eight inches. Exposed to the heat concentrated 
In the focus of this powerful instrnraent, the metals were instantly melted^ and evt-a irol. 
atllized, while quartz, flint, and the most refractory earthy sahstaocM, were readily 
liquefied and caused to boil. 
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heat at the fo- 
cus of a burn- 
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pare with the 
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therefore, of a concave lens is not real, but virtual, as is 
the case with a convex mirror. 



Fig. 263. 




Thus, in Fig:. 263, 
tho parallel rays, a b 
cde^ etc., falliDg upon 
the double concave 
lens, L L', are so re- 
fracted in passing 
through it, that i\u/ 
are made to divei-ge, 
aa though pxcecding 
from the point F, bo- 
hind tho lens. 

In a similar man- 

nar convergent rays are rendered less convergent, or even parallel. 

Do coiv:jx 682. Images are formed in the foci of con- 

irth'e^J^rS'! vex lenses in the same way as in the foci of 

uon fimigea? ^oncave mirrors. 

Thu?, if we ta^<e a convex lens and place behind it, at a proper distance, a 
s'loet of paper, there will be depicted upon the pap r beautifully dear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The manner in which they are formed is illustrated in Fig. 264u 

De^rlbe the Thu3,lotAB 

form\tioi of represent an ob- 

fore a double 
convex lens, E F. The rays 
proceeding from A, the top of --^ 
the object, will be converged 
by tho lens and brought to a 
focus at D, where they will 
form an image; the rays pro- 
coeding from B, the base of the object, will also be converged and brought 
to a focu3 at ; and so each point of the object, A B, will have its corre- 
fipondmg image between D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, because the rays of light from 
the seveml points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Fig. 264, the ray, A E, proceeding: from tho top of tho object and 
fUling ob'iquely upon the lens, is refracted into the coTirso E D, and in like 
manner the ray B F is refracted in tho direction F C ] and as these rays cross 



Fio. 264. 




Why are the 
inages formed 
hj convex 
l3nses iavert- 
ed? 
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eadi otheTi the image of the arrow appears inyerted. The central ray of light 
proceeding from the object in the direction of the axis G, and falling perpcn- 
diculariy upon the sorlaoe of the lens, undergoes no refraction, but continues 
on in a direct course. 

The images thus formcid by convex lenses maybe rendered 
MnTf^nedbr "^^^^® ^7 heing received upon V7hite screens, or any suitable 
eourez tonset objects, OT directly by the eye, when placed in a proper posl- 
jM^niad* vW- ^^jj ^ receive the rays. 

When, by the employment of the convex lens aa a bumingr- 
g?i8S, we concentrate on any saitable surface, the sun's rays to a locus, the little 
himinous spot, or circle formed, is really an image^ or picture of the sun 
itselC 

wbr are «ra- 683. CoDvex Iciises, as Ordinarily used, are 
!d mS^^ called magnifying-glasses, because they in- 
GiMsesf crease the apparent size of the objects seen 

through them. 

The reason of this is, that the lens so alters, 
convex lens by rcfraction, the direction of the rays of light 
"***^°^ proceeding from an object, that they enter the 

eye as if they came from points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 
-^ ^ On the contrary, the concate lens, which 

Why does a •;' . /¥» i 

di^di *T P''^^^^^ *^ exactly opposite effect upon the 
apparent ahse rays of light, causcs the imaffc of an object 

ofanoldectr .i. i -x x n 

seen through it to appear smaller. 

On the same principles also, concave mirrors magnify, and oonyex minora 
diminish the images of objects reflected from their surlacea 

,^^ Hence the magnifying or diminishing power 

the magnifying of Icuscs is uot, as is ofteu popularlv supposed, 

or diminishing , - ' n -l f n 

fower of lensear duc merely to the peculiar nature of the glass of 
.which they are made, but to the figure of their 
surfaces. 

The double convex lens, inclosed m a convenient setting of metal or horn, 
is extensively employed by watch-makers, engravers, etc, with whom it 
passes under the general name of lens. 

Hoirmayoon- 684. lu addition to the effect which convex 
dJJdirtOTt'SSi lenses produce by magnifying the images of 
jectaviJdMe? objects, they are also capable of rendering 
distant objects visible which would be invisible to the 
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Explain more 
fully the action 
of ihe CO ivcX 
lens in this re- 
spect? 



naked eye, by causing a greater number of rays of light 
proceedmg from them to enter the eye. 

The light which produces vision, as will bo more fully ex- 
plained hereafter, enters the eye through a circular opening 
called the pupil, which is the black circular spot surrounded 
by a colored ring, appearing in the center of the front of the 
eye. Now, ts the rays of light proceeding from an object 
diverge or spread out in every direction, the number which will enter the cyo 
-«r 11 be hmited by the size of the pupU. At a great distance from an object, 
at will be seen in Fig. 265, fow rays will enter the eye ; but if, as in Fig. 2G6, 
we place before the eye a convex lens of moderata size, a large number of 
the diverging rays will be collected and concentrated into a single point or 
focus behind it, and thus afford to the eye occupying a proper position sufiS- 
cient light to enable it to see the distant object diytiuctly. 

Fig. 265. 




Fio. 266. 



In like manner a concave mirror, by causing divergent rays which fall 
upon the surface to become convergent, may be used to produce the same ef- 
fect, as is shown in Fig. 267. 

Fig. 267. 




SECTION III. 

THB ANALYSIS OP LIGHT. 

685. It has, up to this pointy been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted m precisely the same manner, and 
therefore sufier the same changes when acted upon by transparent media. 
This, however, is not its constitution. 



326 



WELLS'S NATURAL PHILOSOPHY. 



What ii the Wbito light, as emitted from the sun, or 
wwSiiSi^^ ®' from any lumiuous body, is composed of seven 
diflferent kinds cf -light, viz., red, orange, yel- 
low, green, bhie, indigo, and violet* 
What u the The seven different kinds of light produce 
orisiaofooior? gey^j^ diflfereut colors, viz., red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties cf 
color are produced. 
uow it light The separation of white light into its sev- 

•aaiyzedi ^j^j parts is cfiFectcd by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differcnlly, and 
form on an opposite screen or wall an image composed cf 
bands of the seven different colors. 
What is the 686. The image formed by a ray of white 

Spectrum/ Y]ght passiug through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fig. 268. 




The separation of a ray of solar light into different colored rays, by roftac- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted tbrough 
an aperture in a shutter into a darkened chamber, and caused to fall on a 
prism, P. The ray thus entering would, if allowed to paFS unobstructedly, havo 
moved in a straight line to the point K, on the floor of the room, and there 
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formed a ctrcalar disc of white light ; but by the interposition of the prism 
the raj spreads out in a fan-shape, and forms an oblong colored image on the 
opposite wall This image, called the solar spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 
Upon what does The Separation of the seven different rays 
ofVwS^ght composing white light from one another, de- 
depend? pends entirely upon a difference in their re- 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, which are the least refracted, or the least tamed from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet, which is the most refracted, occurs at the top ; the remaining colors 
being arranged in the intermediate space in the order of their refrangibility. 

What additional The scvcu different rays of light, when once 
Srth^e cJmpoTi! separated and refracted by a prism, are not 
ughtf**' "^^^ capable of being further analyzed by refraction ; 
but if by means of a convex lens they are coir 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty part^ it is found that the red ray, or color, occupies forty-five of 
those parts, the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blue sixty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white appearance .♦ 
From this and other experiments, therefore, it is inferred that light which wo 
call colorless, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

G87. The separation of the different rays of light whicb 
takes place in their passage through a prism, is designated 
by the term Dispersion. i 

Explain what "^^ ^^^^^ ^^ rcfrangibility of the seven difierent rays of 
ii meant by the light, or the arrangement of the seven colors in the spco- 
er"^'*different *™™> ^ always the same and invariable, whatever way the 
sabstauceiu prism may be turned ; the lower end of the spectrum being 

• It is very common to find it stated in books of science that by mixing powders of the 
seven different colors together a white, or grayish- white compound may bo produced. 
Thtf experiment, is not, however, satisfactory. 
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red, which passes upward hito orange, then into jeUow, then green, blne^ 
indigo, and violet, which is at the upper end. 

Dissimilar substances, however, produce spectra of dififerent leng^s, on ac- 
count of a difierence in their refractive properties. Thus a raj of light tra- 
Tersing a prism of flint-glass, will have its red and violet colors separated on 
a screen twice as widely as those of a ray passmg through a similar prism 
of crown-glass. This difference is expressed by saying that the dispersive 
power of the two substances is different, or that flint-glass has twice the dis- 
persive power of crown-glass. 

"Wh will t As a lens may be considered as a modification of the 
an ordinary prisQi, it follows that when light is refracted through a lens^ 
ilcrfeSlnilSj? ^' ^ separated into the different colors, precisely as by a 
prism ; and as every ray contained m white light is refracted 
differently, every lens, of whatever substance made, will have a different focus 
for every different color. The images, therefore, of such lenses will be more 
or less indistinct, and bordered with colored edges. This imperfection ia 
termed chromatic aberration. 

For this reason the focus of a buming-glas!^ which is an optical image of 
the sun, is never perfectly distinct, but always confused by a red, or blue bor- 
der, since the various-colored rays of which sunlight is composed, can not 
all be brought to the same focus at once. In a like manner, if we point a 
common telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of the instrument to a greater length in order to 
read the red than the blue letters. 
« , . ^,. These fringes of color are a most serious obstacle to the 

Explain the . . Jr .. , . ^ ^ . ., . ^ • , 

construction of perfection of optical mstruments, especially m astronomical 

an achromatio telescopes, where great nicety of observation is required ; and 
to prepare a lens in such a way that it would refract light 
without at the same time dispersing it into colors, was long considered an im- 
possibility. 

The discovery was, however, made by Mr. Bollond, 
an Englishman, that by combining two lenses, formed 
of materials which refract light differently, the one 
might be made to counteract the f^ffects of the other; ou 
the same principle as by combining two metals together 
which expand unequally, we may construct a pendu' 
lum whose length never varies. 

Such a combination is represented in Tig. 268, whero 
a convex lens of crown glass is united with a concavo 
lens of flint glass, so as to destroy each the disperaivo 
power of the other, while at the same time the refract- 
ing, or converging power of the convex lens is pre- 
served. A lens of this character is called Achro* 
matic,* since it produces images in theur natural 
colors. 
* Achromatic, from a, not, and xp<iina^ color* 
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TTbatiasphert- Lcnses are also subject to another imperfec- 
eaiabemtionr ^j^jj^ which IS Called sphciical aberration. This 
arises from the fact that the curved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
BO, owing to a difference in the convergence of the rays 
coming from the center and the edges of the lens. 

Thus, if the image is received on a screen of ground glass, it will be found 
that when the picture is well defined at the center, it will be indistinct at the 
edges; but bj bringing the lens nearer the screen, the edges of the image 
vnH be more sharply defined, bat the middle is indistinct To make the im* 
age perfect, therefore, the maiKinal portions of the lens should be cohered with 
a drclet of paper, so as to permit those rays only to pass which lie near the 
axis of the lens. This plan, however, Impairs the brightness of the image. 

When the image formed by the lens is small, the effect of spherical aberration 
is scarcely noticed, and by combination of lenses of different refractive powers, 
it may be almost entirely overcome. 

688. The various rays composin?: solar light 
of light eqwoiy arc not all equally luminous, that is to say, 
they do not appear to the eye equally brilliant. 
The color most visible to the human eye is yellow. 

The luminous intensity of the different colored rays of light may be ex- 
pressed numerically as follows: — Red, 94; orange, 640; yeUow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6.* 

C89. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 

whatarewmc- ^^^^ ycUow, and bluc, are, therefore, some- 
SiSrStorif* times called the simple colors. 

Thus, by the union of red and yellow, we may produce 
.orange; by yellow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Red, yellow, and blue, on the contrary, 
can not bo produced by the minglii;g of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow rays 
are reflected to the eye from the minute particles, but the two colors are so 

* It «ronld Appear, from namcroas obneryations, that soldiers aro shot daring battle 
•eeording to tbe color of tbeir dross in the following proportion :— red, 12 ; dark green, 7 1 
brown, 6; bloish gray, 6w Red is therefore the most fatal color, and a light graj the 
least so. 
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mingled that the cyo only notices the combuied effect, which is green. If yto 
now examiuo tho same mixture with a microscope, the blue and yellow par- 
ticlss will be seen separately, and tho green color will disappear. 

,^ ^ ^ C90. The natural color which an object 

Why do nnt- i -• • i 11 

^u J2~**? cxliibits when exposed to the light, depends 
upon the nature and arrangement of the par- 
ticles of matter of which it is composed, and is not the re- 
Gulfc of any quality inherent in the object itself. 

Bodies which naturally exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preterence for some qualities of 
lijcht than for otiiers. If the body is not trannpaient, it 
will reflect certain rays of light from its surface, «nd ap- 
pear of the color of the light it reflects ; if the body is 
transparent, it will allow only certain rays to pass through, 
its structure, and will consequently appear of the color of 
the light it tivmsinits. 

Thus a red bodj appears red because it reflects or transmits the red ray of 
flolar light to the eye; and a yellow body appears 3-elIow because yellow 
liffht is reflt}ct9d or traasmitted by its surfeoe or structure more powerfully 
than light of any other color; and so on through all the colors. 

It is not, however, to be undarstood that colored bodies reflect or transmit 

only pure rays of one color, and perfectly absorb all others ; on the contrary, 

it has been found that a colored body reflects, in great abundance, those rays 

of light which determine its particular color, and also the other rays which 

make up white light in a greater or less degree, in proportion as they more 

or less resamble its color in the order of their refrangibility. 

,„-_..--. Some substances have no preference for any one quality of 
wnen 18 a Doar "^ 1 i_ ^u n 

eoioriesB, when hght more than another, but reflect or absorb them aU 

wh^'black?"* equally; such are called neutral, or colorless bodies. Those 

substances which reflect all the rays of light which fall upon 

them appear white ; those which absorb all the rays appear black. 

In the dark there is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. / 

A glass is called red because it allows the red rays of light to penotrata 
tlirough a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even tho red rays would bo absorbed like tho rest, and wo 
s'jould call the glass black. 

No body, unless seir-luminous, can appear of a color not existing in tho 

light which it receives. This may bo proved by holding a colored body in a 

ray of light which has been refracted by a prism, when the body will appear 

of the color of the ray in which it is placed; for since it receives but ono col- 

^d ray, it can reflect no other. 
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May «ie color 691. By changing the structure or molecu- 
cLn^** b? lar arrangement of a body, the color which it 
mUteSSw'**^ exhibits may be often changed also. 

* ** * Illustrations of this principle are frequently seen in chem- 

ical compounda The iodide of mercur/ is a beautiful scarlet compound, which, 
when gently heated, becomes a bright yellow, and so remains when undis- 
turbed. If, however, it is touched, or scratched with a hard substance, ns 
with the point of a pin, its particles turn over, cr readjust themselves, ari 
resume their original red color. Chameleon mineral is a solid substance pro- 
duced by fusing manganese with potash ; when dissolved in water, it changes, 
according to the amount of dilution, fh>m green to blue and purple. Indigo 
also, spread on paper and exposed to heat, becomes red. 

092. Some bodies have the power of reflecting from their 

surfaces one color while they transmit another. 

This is the case with the precious opal. A solution of quinine in water 
containing a little sulphuric acid, is colorless and transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tained in the distillation of resin transmits yellow light, but reflects violet 
light. Smoke reflects blue light, but transmits red ligiit These phenomena 
result from a paculiar action of the surfaca or outer layer of Iho eubstanco 
of the body on some of the r?ys of light entering it, and have received the 
name of epipolic, or sur&ce dispersion. 

Deepness of color proceeds from a deficiency, rather than from an abund- 
ftnce of reflected rays: thus, if a body reflects only a few of the red rays, it 
will appear of a dark red color. When a great number of rays are reflected, 
the color will appear bright and intense. 

If the objects of the material world had been illuminated only with wliito 
light, all the particles of which possessed the same degree of refrangibility, 
and were equally acted upon by all substances, the general appearance of 
nature would have been dull, and all the combinations of external oljectSi 
and all the features of the human countenance would have exhibited no other 
rariety than that which they posses in a pencil sketch or India-ink drawing. 

What are com- ^93. Any two colors which are able, by com- 
SiSST*^ bining, to produce white light, are termed 
complementary colors. 

Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The relative poUtion of complementary colors in the prismatic spectrum may 
be determined as follows* Thus, if we take half the length of a spectrum by 
» pair of compasses, and fix one leg on any color, the other leg will &I1 upon 
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its oomplementaiy color, or upon tbe ono which added to the first will pro- 
duce white ligbL The complementary color of red is bluish green ; of 
orange is blue; of yellow is indigo; of green is reddish violet; of blue is 
orange red; of indigo is orange yellow; of violet is yellow green; of black is 
white ; of white is black. 

ComplemontaTy colors may bo seen by fixing tbe eye steadily upon an/ 
colored object, such as a wafer upon a sheet of white paper. A riog of col- 
ored light will play round the wafer, and this ring will be complementary to 
the color of the wafer. A red wafer will give a green ring, a blue wafer an 
orange-colored ring, and so on. Or if, after having regarded the colored wafer 
steadily for a few moments, the eye be closed, or turned away, it will retain 
the impression of the wafer, not in its own, but in its complementary color ; 
thus a red wafer will g^ve a green ray, and so on« 

In like manner, if we look at a red hot fire for a few minutes, every object 
as we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately connected with 
the principles oi complementary colors. 

now do colors Every color placed beside another color is 
^J^^SJS^m?' changed, and appears differently from what it 
does when seen alone ; it equally modifies^ 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of cloths of two colors, the one complementary 
to the other, as red and green, orange and blue, yellow and violet, th^ will 
mutually heighten the effect of each, and make each portion appear to tho 
best advantage. For this reason, a dress composed of cloths of different 
colora^ looks well for a much longer time, although worn, than one of a single 
color, the character of tbe fabric being the samie in both instances. 

A suit of clothes of one color can bo worn to advaUtage only when it is 
new, because as soon as one portion of the suit loses its freshness fiom hav- 
ing been worn longer than another, the difference will increase by contrasts 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same time the black of the pants will appear more 
brilliant White and other light-colored pantaloons would produce a contrary 
effect 
|.; In printing letters on colored paper, the best effect will be produced when 
the color of the paper is complementary to the ink; blue should be put upon 
orange, and red upon green. 

Stains will be less visible on a dress of different colors than on one com- 
posed of only a single color, since there exists in general a greater contrast 
among the various parts of the first-named dress, than between the stain and 
the adjacent part, and this difference renders the stam less apparent to the eye. 



THiE ANALtSiS OF LIGHT. 383 

In the grouping of flowers in gardens, and in the preparation of bonqueta, 
the most pleasing effects will be produced by placing the blue flowers next 
to the orange, and the violet next to the yellow. White, red, and pink 
flowers are never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the other hand, we should always separate pink 
flowers ih>m those that are either scarlet or crimson ; orange, from orange- 
yellow flowers ; yellow flowers from greenish-yellow flowers j blue from violet- 
blue, red flx>m orange, pink from violet. 

By grouping colors together which are not complementary, or which do not 
rightly contrast with each other, we produce a discordant eflTect upon the eye, 
analogous to the discord which is produced upon the ear by instruments out of 
tune. It is always necessary that, if one part of the dress be highly ornamented, 
or consists of various colors, a portion should be plain, to give repose to the eye. 

Black being the complementary color of white, the effect of black drapery 
upon the color of the skin or &oe is to make it appear pale, or whiter than it 
usuaUy is. 

The optical effect of dark and black dresses is to make the figure appear 
smaller; hence it is a suitable color for stout persons. On the contrary, vtrhito 
and light-colored dresses make persons appear larger. Large patterns or de- 
signs upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure ; horizontal stripes have a contrary 
tendency, and are very ungraceftiL* 

whatisaBain. 694. The Eainbow is a semicircular band 
^"^^ or arch, composed of the seven different colors, 
generally exhibited upon the clouds during the occurrence 
of rain in sunshine. 

HoTfisarain- The rainbow is produced by the refraction 
bow produced? ^jj^ reflection of the solar rays in the drops of 
falling rain. 

* The foUoving curious factn are known to persons employed in trade :— ** When a pnr> 
chaser has for a considerable time looked at a yellow- fabric, and is then shown orange or 
scarlet staffs, he considers them to be amaranth-red, or crimson, for there is a tendency 
in the eye, excited by yellow, to see violet, whence all the yellow of the scarlet or orange 
doth disappears, and the eye sees red, or red tinged with scarlet. Again, if there are 
presented to a buyer, one after another, fourteen pieces of red cloth, he will ioonsider the 
last six or seven less beautiful than those first seen, although the pieces be identically the 
same. Now what is the cause of this error in Judgment? It is that the eyes having 
seen seven or eight red pieces in succession, are in the same condition as if they had 
regarded fixedly dnring the same period of time a single piece of red doth; they have 
then a tendency to see the complementary color of red, that is to say, green. This tend* 
ency goes, of necessity, to enfeeble the brilliancy of the red of the pieces seen later. In 
order that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he must take care after having shown the litter seven piec s of red, to present to 
Mm some pieces of green cloth, to restore the eyes to their natural state. If the sight of 
the green be sufficiently prolonged to exceed the normal state, the eyes will acquire a 
tendency to see red ; then the last teren pieces will appear more beatttiM than the 
«thers."-^C%svreti{ on Color, 
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What experl- 
menU prore 
the deeouipod- 
tion ol light hy 
drops of w»- 
ter/ 



Odo, HainbowB aro also fonned wben the snn sbines upon drops of water 
laLiiig in quanUt/ from fountains) watertkila, paddle-wbeela, etc. 

Tiiat the riinbow results from the decomposition of the solar 
rays by drops of water, may be proved by the following sim- 
ple experiment: — ^If we take a glass globe filled with water, 
and suspend it at a certain height in the Eolar rays above the 
eye, a spectator standing with his back to the sun will see 
the refraction and reflection of red light; i^ then, the globe be lowered 
fi' )wly, the observer retaining his position, the red light will be replaced 
t/ orange, and this in its turn by yellow, and so on, the globe at di& 
fvrcnt heights presenting to the eye the seven primitive colors m sucoessieii. 
If now, in the place of the globe occupying different positions, wo sub- 
stitute drops of water, we have a ready explanation of the phenomena of 
the rainbow. 

Drops of rain, suspended to grass or bushes, may bo frequently found to 
appear to the eye of a bright red; and by slightly changing the position of tho 
eye, the colors of tho drop may be made to appear successively yellow, green, 
blue, violet, and also colorless. This also proves that rays of light, £Uling in 
certam directions upon drops of water, are refracted thereby and decomposed 
into colored rays that become visiklu to the eye when it is situated in tho 
proper dizectioD. 
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The principles of tho 
formation of the rain- 
bow may be further 
illustrated by Fig. 269. 
Let A B and C be three 
drops of rain; S A, 
S B, and S C, threo 
rays of the sun. Tho 
ray S A, by refraction, 
is divided into threo 
colors; the blue and 
yellow are bent above 
the eye, D, and the 
red enters it 

The ray, S B, is di- 
vided into three col- 
ors ; the blue is bent above the eye, and tho red &lla below the eye D, but 
i'je yellow enters it 

llio ray, S C, is also divided into three colors. The bluo (which Sa 
bent most) enters the eye, and the other two Ml below it Thus tho 
eye s^es the bluo of C, and of all drops in the position of C; tho 
yellow of B, and of all drops in the portion of B; and the red of A, 
and of all drops in the position of A. The same may be also inferred 
respecting the other four colors of the spectrum; and thus the eye 




Fig. 270. 
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TVhnt ftre tho ^^^ rainbow can bo seen only when it rains, 
cbhS^^STo?^ ®^^ ^^ ^^^^^ point of the heavens which is op- 

to^^e a rala- positC tO tho SUH. 

Ileiico a rainbow is always observed to be situated in tlie 
\rcst in the morning, and in the east in the altemoon. 

It is also necessary fur the i)roduction of a rainbow 
that the height of the sun above the horizon should not 
exceed forty-two degrees. 

Hence we generally observe this phenomenon in the morning, or toward 
evening ; and it is only in the winter, when the sun stands very low, that the 
rainbow is sometimes seen at hours approaching noon. 

Is the same '^^ ^^^ ^^^^ ^^ ^*^^^* ^^^^^ preatiy in refrangibilltr, only a 
riiibow 8 1 single and different-colored ray from each drop will reach the 
aUke_byailper- ^^^ ^^ ^ spectator; but as in a shower there is a succession 
of drops in all positions relative, to the eye, the eye u en- 
abled to receive tlio differcn^colorcd 
rays refracted at different inclina- 
tions. This is clearly illustrated in 
Fig. 2T0, in which S represents 
rays of the sun falling upon suc- 
cessive drops, D, p, Y, G, B, I, V ; 
but a single colored ray, and a 
different one for each drop, will 
reach the eye. As no two spec- 
'tators can occupy exactly the samo 
position, no two can see the same 
color reflected from Iho same drop ; 
and consequently no two persons sec the same rambow. 

In the formation of a rainbow each colored ray reflected 
bow^circuSr."" ^"*™ ^^® falling drops of rain, enters the eye at a different inclin- 
ation or angle. But the several positions of those dropa^ 
which alone are capable of reflecting the same color at the same angle, to 
the eye constitute a circle, — ^and hence the bands of color which moke up a 
rainbow, appear circular. 

What are pri- Two rainbows are not unfrequcntly observed 
rui7i/°*r2Sl at the same time, the one being exterior to, 
t^''"' and less strongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, r.nd the outer, or fainter arch, tho secondary 
bow. Tho order of colors in th3 inner bow u also the re- 
verse of that ia tho outer bow. 
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Hoir Is tbe 
primary i»la» 
boir formed r 




Fig. 271 



The inner, or primary rainbow, which is the 
one ordinarily seen, is formed by two refrac- 
tions of the solar ray^ and one reflection, the 

ray of light entering the drops Fig. 27i. 

at the top, and being reflected to 

the eye from the bottom. 

Thus, in Rg. 271, tho ra^y S A of the pri- 
mary rainbow strikes the drop at A, is re- 
fracted, or bent to B, the bade part of the 
inner saHaoe of the drop ; it is then reflected 
to 0, the lower part of the drop^ when it is 
refracted again, and so bent as to come di- 
rectly to the eye of the spectator, 
now in the 8e«s The secondary, or outer rainbow, is produced 
warmed?"" ^7 ^^^ pcfnictions of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye from the top. 

Thus, in Tig, 272, the ray S B of the sec* 
ondaiy bow strikes the bottom of the drop 
at B, is refracted to A, is then reflected to 
G, is again reflected to D, when it is again 
refracted or bent, till it reaches the eye of 
the spectator. 

The position and formation of the primaiy 
and secondary rainbows are represented in 
Fig. 273. Thus, in the formation of the pri- 
mary bow, the ray of light S strikes the drop 
« at 0, is refracted to ^ reflected to g, and 
leaving the drop at this point, is refracted 
to the eye of the spectator at 0. In the formation of the secondary bow, 
the ray S' strikes the drop p at the bottom at the point t; is refracted to d^ 
reflected to/ and thence to «, and refracted torn the top of the drop, pro- 
ceeds to the eye of the spectator at 0. 

The reason the outer bow is paler than the inner is because it is formed by 
rays which have undergone a second internal reflection, and after every re- 
flection light becomes weaker. 

What are Halos are colored rays which are sometimes 

Haiosf gggjj surrounding luminous bodies, especially 

the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 
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The production of halos may be illustrated experimentully, bj crystallizing 
Tarious salts upon plates of glass, and looking through the plates at the sun, 
or s candle. A few drops of a saturated solution of alum, spread over a 
glass so as to crystallize quickly, will cover it with s^i imperfect crust of crya- 
tals; scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth side next the eye, three fine halos will be 
perceived encircling the source of light 

The fact that halos, or rings round the moon, are more frequently observed 
than solar halos, is dependent upon the circumstance that the stm^s light is 
too intense and dazzling to allow the halo to be recognized. Halos may be 
observed most frequently in the winter season, and in high northern latitudes. 

696. The beautiful crimson appearance of 
the clouds after sunset in the western horizon, 
is due in a great measure to the fact that the 
red rays of the solar light are less refrangible 

than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
rays, and are tho 
last to disappear. 
For the same rea- 



What is the 
•ecaslon of the 
red appearance 
<tf the clouds afc 
sunrise and 
sunset? 



Fig. 274. 
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Bon they are the first to appear in the morning when the 
suQ rises, and impart to the morning clouds red or crim- 
son colors. 

Let U8 sappose, as in Fig. 274, a ray of light proceeding firom the son, 8, 
to enter the earth's atmosphere at tlie poiot P. The red rays, which com- 
poso iu part the solar beam, being the least refrangible, or the least deviated 
from their course, will reach the eye of a spectator at the point A ; while 
the yellow and blae rays^ being refhicted to a greater degree, will reach the 
Bur&ce of the earth at the intermediate points B and C. They will, conse- 
q lently, be quite invisible from the point A. 

The red and golden appearance of the clouds at morning and evening is 
also due in part to the ihct, that aqueous vapor on the point of being con- 
densed, only allows the red and yellow rays of light to pass through it. For 
this reason, if the son bo viewed through a column of steam escaping from 
a boiler, it appears of a deep red, or crimson color. The same thing may bo 
noticed during a drought m summer, when the air is filled with dry exhaihi- 
tions. 

What b 697. Tho irregular hrilliancy of the stars, 

TwinkUngf fcnown as twinklin;?, is supposed to be due to 
unequal reflections of light occasioned by inequalities and 
undulations in tho atmosphere. 

How^ Is color 698. Light, according to tho undiilatoTy 
tS^i^idulato^ theory, is occasioned by the vibrations or un- 
thooryofUsht? Julations of a certain clastic medium diffused 
throughout all space, called Ether. Color, according to 
this theory, depends on the number of vibrations which 
are made in a certain time ; those vibrations which aro the 
most r:ipiJ, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

The analogy between sound and light, according to tho 
Ij ^ere *^ undulatory theory, is perfect, even in its minutest drcum- 

tweeneolorand stances. When a certain number of ribrations of a musical 
tho notes of 11 «... « •« 

music? chord are caused m a given time, we produce a required 

sound ; as tho vibrations of the chord vary from a quick to a 
sbw rate, we produce sounds sharp or grave. So with light; if tho rate at 
which tho ray undulates is altered, a different sensation is mado upon the 
organs of vision. 

The number of aerial vibrations per second required to produce any particu- 
lar note in music has been accurately calculated, and it is also known that 
the ear is able to detect vibrations producing sound, through a range com- 
mencing with 15, and reaching as fir as 48,000 in a second. So also in tho 
«aae of ligh^ the fSrequency of vibrations of the ether required for the prodw 
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tion 6tmy particnlar color has been determined, and the length of the wavea 
oorresponding to these vibrations. 

wbat reuaott The waves requisite to produce red are tho 
SS"** w^** largest ; orange comes next ; then yellow, 
bi^?nt*Sfttfe gi^een? l>ltt«> indigo, and violet, succeed each 
diflEorentcoionr other, the waves of each being less than the 
preceding. The rapidity of vibration is in the same order, 
the waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

To prodnoe red light it is neceesaiy that 40,000 waves or undulations should 
be compriaed within the space of a single inch, and that 480 billions of vibra- 
tions should be executed in one second of time ; while, for the production of 
violet, 60,000 waves within an inch, and 720 billions of vibrations per second 
are required.* 

699. As two sets of sound-waves or vibra- 
light he made tious may SO combiue as to modify or destroy 

to interfere 1 «, .« ■■ «•, • 

each other, and thus produce partial or total 
silence, so two waves or vibrations of light may be made 
to interfere and produce various colors, or entire darkness. 

* Itmaj perliapa be asked, irith ■omething of incredulltf, how sach a result could pos- 
tXbij have been arrived at, with any degree of acientlfie accuraej. The problem, how- 
ever, is not a difficult one. 

In the first place, Newton, by a series of perfeetlf satisfactory and beautlAil experi- 
ments, ascertained the namber of waves or undulations of the difbrent eolored rays 
comprised within the space of an Inch. 

Let us now suppose an object of any particular color, a red star, for example, to be 
▼iewed Arora a distance. From the star to the eye there proceeds m continuous liae of 
waves; these waves enter the pupil, and impinge upon the retina; for each ware which 
thus strikes the retina, there will be a separate pulsation of that membrane. Its rate of 
pulsation, or the number of pulsations which it makes per second, will therefore be known, 
if we can ascertain how many luminous waves enter the eye per second. 

It has been already shown that light moves at the rate of about 800,000 mfles per 
ioeond ; it follows, that a length of ray amounting to 200,000 miles must enter the pupil 
each second ; the number of times, therefore, per second, which the retina win vibrate, 
will be the same as the number of the luminous waves contained in a ray 200,000 miles 
long. 

Let us take the case of red light In 390,000 miles there are, lA round numbers, 
3,300,000,000 feet, and therefoT« 13,000.000,000 luchee. In each of these 12,000,000,000 of 
inches there are 40,000 waves of red light In the whole length of the ray, therefore, there 
are 439,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
and the retina must pulsate once for each of these wavas, wc arrive at the astounding 
oondnslon, that when We behold a red object, the membrane of the eye trembles at the 
rate of 490,009,009,000,000 of times between every two ticks of a common clock I 

In the same manner, the rate of pulsation of the retina corresponding to other tints of 
colors l3 determined ; and it is found that when violet is perc^ved, it trembles at the rate 
•£720,000,000,000,000 df times per seoond.— LordTtsr. 



no 



WELLETS NATUBAL PHILOSOPHT. 



How may the ^ ^® stand at the junction of two streams of water, it witt 
i iterfensQceof be noticed that when the waves from each meet in the same 
dM^koil?"*" ®*^*® ^^ vibration, the resultmg wave will be equal to the two 
combined; i^ however, one wave is half an undulation behind 
the other, the crest of one will mset the hollow of the other, and compara- 
tively smooth wa^^r will be the result So if two pencil rays of light, radiat- 
ing from two points, reach a point of interference at the same degree of ele- 
vation, a spot of double the luminous intensity of either will be produced ; 
but if one is half a vibration behind the other, the result will be^ that a daik 
instead of a light spot will be apparent. 

How is color The biilliant tints of soap bubbles, and thin 
S?*"S?ferfe^? platcs of different transparent bodies, are ex- 
•oMofiightf amples of the interference of light; for the 
undulations reflected from the first surface interfere with 
those reflected from the second^ and thus produce the 
various colors. 

- The vaiying play of coIcntb exhibited by fihns of oil on the surface of water, 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and the 
wings of some insects, are all phenomena resulting from the interference of light 

whati. double 700. Double refraction is a property which 
pefractionf certain transparent substances possess, of 
causing a ray of light in passing through them to undergo 
two refractions ; that is, the single ray of light is divided 
into two separate rays. 

A very common mineral called "Icplond spar," 

which ia a crystallized form of carbonate of lime, ia 

a remarkable example of a body possessing doublo 

refractmg properties. It is usually transparent and 

colorless, and its crystals, as shown in Fig. 275, bavo 

the geometrical form of a rhomb, or rhomboid; — ^this 

tarm being applied to a solid bounded by parallel 

faces, inclined to each other at an angle of 105°. 

«, ^. XI. The manner m which a crystal of 

lUnitrate the _ , , _. . , - ,. i.^ . 

phtnomenonof Iceland spar divides a ray of light in- 

tion!*^* "^'*^ to two separate portions is clearly 
shown in Fig. 276; in which S T 
represents a ray of light, falling upon a surface of a 
crystal of Iceland spar, A I) E 0, in a perpendicular di- 
rection. Instead of passing through without any refrac- 
tion, as it would in case it had fallen perpendicularly upon 
the sur&ce of glass, the ray is divided into two separate 
rays, the one, T 0, being in the direction of the original 
ray, and the other, T E, being bent or refi-acted. The 
first <^ these rays, or the one which follows the ordinary 
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law of refiractioii, is called the " ordinaiy" raj ; the second, which follows a 
different law, is called the " extiaordlnar/' raj. 

If we look at a small ohjoct, as a 
^' * dot, a latter, or a lino, through a 

plate of glass, it appears single ; but 
if a plate of Iceland spar be sub- 
stituted, a double image will be per- 
ceived, as two dots, two letters, two 
lines, etc. This result of doublo re- 
fraction is represented in Fig. 277. 
Crystals of many other substances, 
such as mica, the topaz, gypsum, etc., 
possess the property of double refraction, but not in so remarkable a degree 
as Iceland spar. 

,-_^ In all these ciystals, there are one or more directions along 

axes of doable which objects when viewed through them appear single,* 
refraction? tl\eBe directions are termed the lines, or axes of doublo re- 

fraction. In the case of Iceland spar, there is one axis of double refraction, 
i e., one direction along which objects when viewed appear single; tliis is in 
the direction of the Ime A B, Fig. 275, which joins the two obtuse three- 
sided angles. If the summits A and B be ground down and polished, no 
double relhhction will occur in looking through the cr3rstal in this direction. 
To what is the ^** *^® phenomenon of double refraction is due entirely to 
phenomenon of the molecular structure of the medium through which light 
tion dae7 passes, is proved by takinj? a cube of regularly annealed glass, 

which produces but one refracted ray. and heating it unequally, 
by subjecting it to pressure : a chanse is thereby affected in the airangement 
of its parts, and double reflection takes place. 

What Is polar- 701. When a ray of light has been reflected 
ized light? fj.^^ ^^Q surface of a body under certain 
special conditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before. The effect thus produced upon it has been 
called polarization, and tho ray or rays of light thus af- 
fected are said to be polarized. 
What are the The name poles is given in physics in gen- 

polesofabody? ^^^^ ^^ ^y^^ gj^j^g ^j, ^^Jg ^£ ^^y ^^^^Jy which 

enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contrary properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an elec- 
tric or galvanic arrangement are, for like reasons, denominated poles. So also 
in the case of light, the rays which have been reflected or transmitted under 



342 wnxn VA^uBAi. vwajoaoapsr. 

peculiar eonditkms aro aud to poBMSs poln^ beetnw in aome poaltioBfl (hex' 
can be reflected and in odieia ih^ can iiot» and then poaitians avs a$ n^bt 
aD§^ to one another. 

Exniain th dis. ^^^ "^^ phonomeDon of polarized light was diaoovered in 
coTci7«i»dpfae> lv08| hy Ualxm, a foong engineer officer of Pari& Ou ono 
luSil^iL^ occaaien, aa he was viewing Uiroogfa a double refracting 
prism of Iceland apar the light of the ami reflected fiom agiass 
Window in one of the French palaoea^ he observed aome vcrjr peooliar efiecta. 
The window acddantaUy stood open like a door on its hinges at an angle of 
649, and Mains noticed thai the lig^ reflected irom this angle was entiiclf 
altered in its charactor. 

Tliis alteration in the character of the light reflected from the ^asa window, 
which was thus first observed hy Ualxta, may be made clear bj th^ following 
experiment : — Suppose we have a cylinder with a mirror at one end of it If 
we point this to the son, and receive the image on a distant screen, we may 
turn the cylinder round on its axis, and tho reflected ray will be found to revolve 
constantly with it But if now, instead of receiving the ray direct from the sun, 
we allow a beam reflected from a glass plate, at an angle of about 54o to fJl 
upon tho mirror, and then be reflected on tho screen, it wiH be found that the 
point of light will not have tho same properties as that previously examined ; 
it will be altered in its degree of intensity as the cylinder turns round; will 
have points where it Is very bright, and others wi»ero it will entirely dlss^ 
pear. It is thus proved that light reflected from glass at an angle of about 
649j has undeigone some peculiar modification, or, as it has bocn termed, 
has become polarized. 

Certain minerals, especially those called ''tourmalines^'* have the prop* 
erty of polarizing a ray of light transmitted through them. 

Fio. 278. If a ray of l^ht be caused to pass throi^ 

a thin plat3 of tourmaline, ased. Fig. 278, 
in tho direction of the line a bj and be ro- 
ceived upon a second plate, e /, placed 
symmetrically with the finite it passes 
through both without difficulty; but if tlio 
second plate be turned a quarter round, aa 
in the dfrection ^ ^ tho light is totally cut off. 

nowinthepoi. According to the unJulatory theory, the dif- 
n'St**^utef ference hetween common anil polarized light 
•*' may be explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ny ; but in polarized light they take place 
in only ono direction, or are all in one plane. 

Thus, in the passage of a ray of light through tho plato of tourmaline^ 
only one set of vibrations is transmitted, while tho others aro absorbed 
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Fig. 279. T!ie traDsmitted ray, hairing -all its Tibratioos in one 

^^^^P^ d/ direction, readily passes tlirough a second plate oC 
cji' -L*--*-^j|^2ll tourmaline, tha structural arrangement of which ii 
U MJr''^'"' ^ symmetrical with that of tho first; but if this ar- 
rangement bo altered by turning tho plate partially 
round, the vibrations are intercepted. In tho same 
manner a sheet of paper, c d^ Fig. 279, may be slipped 
through a grating, a &, ils plane coinciding with the length of the bars; but 
can no longer go through when it is turned, as at e/ a quarter round. 

Light is polarized by reflection from many 
toedVJeflSl dilFereDt substances, such as glass, water, air, 
Babctanois cbony, mother-of-peurl, surfaces of crystals, 
thaa glass? ^^^^ ^^^^ provided that the light falls at li 
certain anglo peculiar to each surface. Tliis angle is 
called tho polarizih:^ angle.*^ 

_— Sinco tho discovery of polarized light, i?8 principles have 

of the practical bccn applied to tho determination of many practical results 

^^Irt^Ushlf? ^^^^» ^* ^^ ^^^ ^^"""^ *^'^* ^^^ reHected light, come from 
whence it may, acquires certain properties which enablo us 
to distinguis'i it from direct light ; and tho astronomer, in this wa}', is en- 
abled to determine with infalllbb precision whsthcr tha Hght he is gazing on 
(and which may havo required hundreds of years to paFS from its source to 
tho eye), is inharont in th3 Ijimiaous boiy itself, or is derived from some other 
source by reQcction. It has been also ascertained by Arago that light pro- 
ceeding from incandescent bodies, as rod-hot iron, glass, and liquids, under a 
certain angle, is polarized light; but that light proceeding, under tlie same 
circumstances, &om an inflamed gaseous substance, such as is used in street 
illumination, U always in a natural state, or unpolarized. Applying these 
principles to the sun, ho discovoroi that tho light-giving substance of this 
lummary was of tlie naturo of a ga«?, and not a red-hot solid or liquid body. 

In a simibr manner tho chemist is ablo to determine, by the manner in 
which I'.ght is reflected or pobrized by a crystallized body, whether it has 
been adulterated by tho addition of foreign substances. 
TVTiat three ^03. Solar light, ill addition to the lumin- 
falhJded' *S ous principle which produces the phenomena of 
■oiarughtr Qr^\ry^ j^Qjj ig ^jjQ Qauso of vision, contains two 
other principles, viz., heat and actinism, or the chem- 
ical principle. These principles are invisible to the eye, 
and have only been discovered by their effects on other 
hollies. 

* The phenomena of polarized light are bo abstmse, and deperid to so great an extent 
on experimental illustration for their proper comprehension, that an extended deserlp* 
tion of tfaem la an demantary work is impossUflo. 
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The ooostitation of tbe solar n,j may be oomp&red to abundle of three s^cIe^ 
floe of which represents heat, another light, and a third the actinic principle. 
We know that these three principles exist in every raj of 
?**^ fhat wZ ^^^ ^^^^ because we are aule lo separate them in a great 
fair light eon- degree from cadi other. Thus the luminous principle passes 
prtodplcaV*'^** readily through a transparent plate of alum, but nearly all tbe 
heat ii absorbed. Certam dark-colored bodies, on the con-' 
trary, allow neaily all the heat to pass, but obstruct the lig^t A blue glass 
o*>structs nearly all the light and heat of the solar ray, but allows the chem- 
ical principle to pass fVedy ; whUe a yellow glass allows light and heat to 
paas^ but obstructs the passage of the chemical influence. 

When we decompose a ray of solar light by 
thrae *7rinci! Toeans of a prism, and throw the spectmni 
n^t Jiiffected upon a screen, the luminous, the calorific, and 
rapiinu ^^^ actinic radiations will each assume a dif- 
ferent position. All will be refracted by passing through 
the prism, but in different degrees. 

The calorific^ or heat radiations will be refiracted least, and their maximum 
point will be found but slightly thrown out of the right line which the solar 
ray would ha^e traversed had it not been intercepted by the prism. The 
heat diminishes with much regularity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of maximum intensity being in tbe yellow ray, lyii^ considerably above 
the point of greatest heat The light diminishes on each side of it, producing 
orange, red, and crimson colors below the maximum point, and green, blue^ 
and violet above it 

The radiations which produce chemical action are more retrangible than 
either the calorific or luminous radiations, and the maximum of chemical 
power is found at that pohit of the spectrum where light is feeble, and where 
scarcely any heat can be detected. 
^ The positions in the spectrum of the heat and actmic radiations, which are 
invisible to the eye, may be found by experiment Thus, if we place a deli- 
cate thermometer in the different rays of the spectrum (§ 686, Fig. 268), it 
irill be found that the indigo and violet rays scarcely affect it all, while the 
yellow ray, which is the most lummous, is inferior in heating action to tbe 
red ray, which, yielding but little light, possesses the greatest amount of heat 
If now, the thermometer be carried a little below and just out of the red 
ray, into the darkened space, it will exhibit the greatest increase in tempsra- 
ture, thus proving the presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
foirfaoe, as a piece of photog^phic paper, for the thennometer, the presence 
of a chemical ray can be proved in the darkened space at the other end of the 
spectrum, and near to the blue and violet rays. 

704. Those rays of solar light which are less le&ai^gible than any of the 
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visible colored rajs of the spcctnnn, have all the properties of radiant heat 
coming from bodies of a lower temperature than 800° F. Sudi heat is much 
less refrangible than red light ; but it* the temperature of the radiatmg body 
be increased, it emits^ In addition to the rays previously emitted, others of a 
higher refrangibility, until at last some few of its rays become as refrangible 
as the least refrangible rays of light The body then appears of the same 
Color as the least refrangible rays of light, and is said to be r«d hot. If it 
be heated more, it emits, in addition to the red, still more refrangible rays, 
▼iz., orange; then (at a higher temperature) yellow rays are added, and so 
on, until when the body is white hot, it emits all the colors visible to us; 
and in some iDstances (of very intense heat), even the invisible chemical rays, 
mxxQ refrangible tlian the violet^ are emitted, though in less quantity than 
in the solar rays. Thus light appears to be nothing more than visible heat; 
and heat invisible light — the constitution of the eye being such that it can 
perceive one and not the other, in the 8«ne way as the ear can appreciate 
vibrations of sound more rapid than sixteen per second, but not those which. 
are less rapid. 

_, . T06. The study of the chemical principle contained in the 

fact has the Eays of solar light has rendered probable the carious fact, that 
SSmicai^Diln- ^^ substance can be exposed to the sun's rays without un- 
dple of lisiit dergoing a chemical change ; and from numerous examples it 
evolved f would seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the healthy condition of all organized and un- 
organized forms of matter. 

iTponwhatdocs The process of forming Daguerreotype and 
ofphotog^^^io other photographic pictures, depends solely 
pictares depend? ^^^^ ^^xQ actiuic, OF chemical influence of the 
Bolar ray. 

The term "photography," signifying light drawing, which is the general 
name given to this art, is unfortunate and ill-chosen, for not only does light 
not exercise any influence in producing the pictures, but it tends to destroy 
them. 

What ar th ^^ essential steps of the process of forming a Daguerre- 

essential iteps otype picture consist in coating a suitable plate of metal with 
enenwtype'^*' some chemical compound easily affected by the action of the 
proeesa* solar ray. Such a coating is usually a compound of the ele- 

} mentary body Iodine, The plate is then exposed to the image 

formed by the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any object are the same ; therefore as the light and 
shadows of the lummous image vary, so will the power of producing change 
upon the plate vary, and the result will be the production of an image which 
will be a faithful copy of nature, with reversed lights and shadows ; the 
lights darkening the plate, while the shadows preserve it white, or unaltered. 

15* 
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If ttie plate were then left without fhrther care, the image formed woold 
aooQ fade awaj, and lea^e no trace on its sor&oa In practice, the plate is 
sot exposed to the influence of light si^ciently Icn^ to form npon its bot- 
iaoe an image yiatble to the eye, bat the pictnre is der^oped, or brought out 
and rendeied permanent by expoemre to the yapor of merciuy. Tliis metal, 
in a state of very fine diyision, ia condensed upon and adheres to those por- 
tions of the sor&ce of the jdate which have been soljected to the influence 
of the dwmieal action. Where the diadows are deep, there is scarcely a 
trace of mereory; but where the li^ts are strong, the metallic dost is de- 
posited of considerable thidmea!. This depostion of mercury essentially com- 
pletes and fixes the {actore. 

The reason why the vapor of mercury attaches itself only to those porticos 
of the plate whidi have been affected by the chemical influence of light is not 
deflmtaly known: in all probability, we have inycdved the action of several 
ibroes. It is not, however, necessary tiiat a sorfiioe should be chemically pre- 
pared to exhibit these results. A polished plate of metal, a piece of marble^ 
of glass, or even wood, when partially exposed to the action of light, will, 
when breathed upon, or presented to the action of mercurial vapor, show that 
a disturbance has been produced upon the portions which were illuminated ; 
whereas no change can be detected upon the parts kept in the dark. 

That the luminous principle is not necessary for the success 
nS? ^fhowl ®^ *^® photograpluc process, may be proved by the experi- 
that it^hk i« ment of taking a daguerreotype in absolute darkness. Thb 
fortheproduc^ can bo accomplislied in the foUowing manner: — A large pris- 
tlon of a ptao- matio gpcctrum is thrown upon a lens fitted into one side of a 
g^^ '^ dark chamber; and as the actinic power resides in great ac- 
tivity at a point beyond the vic^et ray, where there is no light) 
the only n^ allowed to para the lens into the chamber are those beyond the 
limit of coloration, and non-luminous ; these are directed upon any object^ and 
lh>m that object radiated upon a highly sensitive photographic surface. In 
this way a picture may be formed by radiations which produce no effect upon 
thoeye. 

TTIukinflaenee ^^^* There are many reasons ibr supposing that each of the 
4o the tlirM three principles, light, heat, and actinism, included in the solar 
^"^^JJ rar ^^J ©^'^rcJse a distinct and peculiar influence upon vegeta- 
«zert on rege- tion. Thus the luminous principle controls the growth and 
***^®^' coloration of plants, the calorifle principle their ripening and 

iructiflcotion, and the chemi<»l principle the germinatk>n of seeds. Seeds 
which ordinarily require ten or twelve days for germination, will germinate 
under a bhie glass in two or three. The reason of this is, that the blue glass 
permits the chemical principle of light to pass freely, but excludes, in a great 
measure, the heat and the light On the contrary, it is nearly impossible to 
make seeds germinate under a yellow glass, because it excludes nearly all 
the chemical influence of the solar ray. 
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SECTION IV. 



XnX ETS, AKD THE PUENOUBNA OF VtSlOK. 



If an opening 
1)3 mada i'l the 
side of a d irk 
chamber how 
will images of 
external ob- 
jects be ropre« 
seated? 



707. If we make a small aperture through the shutter of a 
darkened room, the images of e:iternal objects will be pic- 
tured iudistiiietly, and iu an inverted poe.tion, upon the op- 
posite wall. The reason of this will appear evident from nn 
inspection of lig. 280. It will bo seen that the rays of ligi t 
diverging from the top and bottom of the object cross eacli 
other in pis^lnj through th3 aperture, and consequently form an inverted 
inaag3L This image is rendered more distinct with a small aperture than with 
a brge one, sine?, in the first case, the rays which proceed from any particu* 
lar part of the object tall only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole picture, as they would bo 
if the aperture was larger. 

Fia. 280. 




Detcribo the ^ ^^ *^^ plsuCQ of the room with an aperture in the shutter, 
construction of we substitute a dark box, with a double-convex Jens fitted 
StecuTA.*"**^ intD one side, a picture will be formed on the opposite side of 
the box, or upo.i a screen placed at the focal distance of tho 
lens. This picture will represent, with great beauty and distinctness, whatever 
IS in front of the lens, all tho o'jJ3Ct3 having their proper relations of light and 
shadow, and thou: proper colors. Such an apparatus is called a Caiieka 
Obsoura. 

Fig. 281 represents tho ordinary construction of the camera obscura. lb 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of tlie tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they ara received upon a mirror, M, inclined at an angle of 45°, their direc- 
tion is changed, and the image will be formed upon a screen, or plate of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tracuig paper, the outlines of the image may bo readily copied. 
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Such a modiScnikKi of the camera is very convenient for artists and t*«relcri 
ia akeicliiiig kindacnpci^ ota 

FlO. 281. 




n<nr dMs iiio '^08. The mechanical arrangement of the 
jjj '^21 eye in man and the higher animals is the same 
oteeurmr ^g ^\^^f^ Qf f\^Q camera ohscura, being simply a 

double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
What H the ^^ man, the organs of vision consist cf two 
S^roTthHye hollow sphercs, each about an inch in diam- 
ta maur q^^q^^ filled with certain transparent liquids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the front of the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in every direction. 

• TM» voMj be prored by taking the eye of a reoenUy-kflled boUock and enttinga naaJk 
hole in the upper part of the ball, looking into the interior. 



How are ire 
enabled to 
move the eye 
in diflferent di- 
rcctionef 



THS STS, A9B THS PHENOMENA OV YISIOK. 349 



Fia S83. The aiTaiigeiiient of thtao 

musdes is shown in Fig. 282, 

wbeTB the external bones of 

the temple are scppoeed to bo 

removed in order to render 

tbem visible. The muscle^ 1, 

raises the eyelid, and is con* 

stantly in acdon while we are 

> awake. Daring sleep, the 

r'jl<^^^^^^^^^^^^BH . « Y 10^19^0 being in repose and 

^^^^^^^^St^^KI3tilS&^ J ^^^^^ ^® eje-lid (alls and 

J ^ J^^to^^^^^W^^'L r pJ^tccts the eye from the no- 

X_J^5fl^HHiM^^iiLI;^«i^^r / '^lO *i<^ ^ ^^ ^® muscle^ 4, 

i* turns the eye upward; 5, 
downward; 6, outward; and 
a correeponding one on tlie in- 
side, not seen in the figiuxv 
turns it inward. Kos. 2 and 
10 torn tho eye round its axis. 

Of what rt» '^^^ ^*y® consists essentially of four coats, or 
do<» the eje membranes, called tho Sclerotic coat, the 
Choroid coat, tlie Cornea, and the Retina ; 
and these coats inclose three transparent liquids, called hu- 
mors — the Aqueous humor, tlie Vitreous hunmr, and tho 
Crystalline humor, the last of which has the form of a lens. 
Describe the Thc Sclcrotic coat 18 the external coat of tho 
sderotieooat ^^^^ ^^^ ^j^^ ^^^ ^p^^ which the maintenance 

of tho form of the eye chiefly depends. 

It is a strong, tough 




membrane, and to it the 
muscles which move the 
eye are attached. It cov- 
ers about four fiftlis of the 
external sur&ce of tho 
eye-ball, leaving, however, ^ 
two circular openings, one i - 
before and the other be- ^. 
hind the eye. Its position ^- 
is shown at ^ Fig. 283. 

The 
Cornea 
the clear, trans- 
parent coat which 



Fig. 283. 



Wbtii is the 
Cornea? 



IS 
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forms the front of the cye-balL It is firmly united to, or 
fixed ia the ficlerotic coat^ like the glass in the case of a 
watch. 

The Cornea is represented at a^ Fig. 283. 
What is th« ^^® Choroid coat is a delicate membrane, 
ciwrouooatf lining the inner surface of the sclerotic coat, 
and covered on the interior with a Llack pigment. 

It 13 roprcsented at &, Fig. 283. 
What is fhe ^^^ Betina is a delicate, transparent mem- 

Bfltioa? brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme* 
diately within and close to the choroid coat. 

The position of the Betina is shown at m^ Fig. 283. 

How ia the re- Tho rctiua is formed by the expansion of a 
tinaforaedr nervo called the optic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might bo in 
other respects perfect, the sense of sight would bo de- 
Btn»yed. 

Ka 11, Fig. 282, and n, Fig. 283, exhibit the relative podtion of the 
optic nerve. 

What is fh« I^ looking into the eye from without, we 
irf*' perceive a flat, circular membrane, which, in 
diflferent eyes, is of a black, blue, or gray color. This 
membrane is called the Ibis, and divides the eye into two 
very unequal portions. 
Tixe Iris is represented at c d; 71^. 283. 

The Pupil of the eye is the circular black 
papu of the Opening in the center of the iris, and is th^ 
^^ 6pac3 through which light is admitted intj 

tba interior of the eye. 

The open space between e and d^ Fig. 283, represents the pnpil. It is, 
properly speaking, the window of the eye, and appears black, only becanso 
the chamber within and behind it is dark. When a small qnantity of h'ght 
enters the eye the pupil widens at expands ; bat when a large quantity en^ra^ 
it closes or contracts. 
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The two parts into whicli the iris divides the ^o aro 
called the anterior and posterior chambers. 
What are the The anterior chamber, or the space before 
^te^M hu* *^^ i™? ^s ^Q^ with a fluid resembling pure 
»»»' water, and therefore called the aqueous hu- 

mor ; and the ])osterior chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resembling the 
white of an egg, called the vitreous humor. 

In Fig. 283, h e represents the aqueous humor, and h tifo vitreous humor, 
this last occupying aU the interior of the chamber of the eye. 

The crjrstalline lens is composed of a more solid sub- 
stance than cither the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double-convex lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its form and position aro represented at/ Fig. 283. 

n<nrdoireby 709. Rays of light proceeding from an ob- 
thS ^S^pc?- j®^* *^^ entering the eye, are refracted by the 
cdveoi^jcctiif cornea and crystalline lens, and made to con- 
verge to a focus at the back of the eye, and form an 
image upon the retina. This imtige, by producing a sen- 
sation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in FlQ. 284» 

vhich the image is formed upon the 
retina in tae perfect eye. The curva- 
ture of the cornea, s s, and of the 
ciystalUne lens, e c, is just su^cient 
to caose the rays of light proceeding ; 
from the image, I T, to converge to 
the right focus, m m, upon the retina. 

When does di*. Distinct visiou can only take place in the 
ttndbTUdontake ^yg ^hen the cornea and crystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 
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Fio. 285. 



Hotr Is the e -^ ^® i^J" ^^ %^^ proceeding ftom dlslaiit objects enter 
eoaUed to Me the eye at different angles, they will natorally tend to meet 
UncUyntdlflbrl *' different foci after refraction by the crystalline leni, and 
eatdiataDceeP thus form indistinct imagea This is remedied by a power 
which the eye possesBes of adapting itself to the direction of 
the light proceeding from various distances, so that in the healthy eye, rays 
coming from near and distant objects are all equally converged to a focus on 
the same point of the retina. How the eye effects this is not certainly known, 
but it is supposed to be by increasing or diminishing the sphericity of ibm 
crystalline lens and cornea. 

What la the -^ perBOD is Said to be near-sighted iNrhen 
SSS^toeSr'' ^^^ curvature of the cornea and cr}'8tallino 
lens is so great, that the rays of light which 
form the image are brought to a focus before they reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

Fig. 285 represents the manner 
in which the image is formed in 
the eye of a near-sighted person. 
The curvature of the cornea, a «, 
and of the crystalline lens, c c, is 
so g^reat that the imago is formed 
at m m, in advance of the re- 
tina. 

Short-sightedness is remedied either by holding the object 
nearer to the eye, or by the employment of spectacles the 
glasses of which are concave lense& In both cases the rays 
proceeding from the objact enter the eye with a greater degree of divergenoei 
and therefore do not converge so soon to a focus. 

A person is said to be far-sighted when, on 
account of a flattening of the cornea and the 
crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Pj^ 286. ^& ^^^' represents the manner 

in which the image is formed in 
the eye, when the cornea or crya- 
tallme lens is flattened.' The per- 
fect image would be produced at 
m m, behind the retina, -and, of 
course, beyond the point necessary 
to secure distinct vision. 
Jo^«n»7lon»- Long-slghtedness may be remedied by the employment of 
* -"^^d?* siKJCtacles, the glasses of which are convex lenses. These, by 
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increasiag the oonyei^iioe of rays of light passing through them, bring them 
sooner to a focus in the eye^ and thus produce the image upon the right point 
of the retina.* 

Most persons of advanced age are troubled with long-sightedness, and aro 
obliged to use spectacles. The reason of this is, that as the physical organi- 
sation of the body becomes enfeebled, the humors of tlie eye dry up, or 
are absorbed, and in consequence of this, the cornea and crystalline lens 
shrink and become flattened. 

Beside these defects of the eye, a person may have the sense of vision 
impaired or destroyed by an injury or dhease of the optic nerve, or by a dimi- 
nution of the transparency of the crystalline lens; the first of these cases is 
called amaurosis^ and is incurable — ^tho second, which is called cataract, may 
be cured. 

^^ , . The images formed by the rays of light upon the retina aro 

on the itetina inverted. It may, therefore, be asked why all visible objects 
trty do^e not ^^ ^^^ appear upside down? The explanation of this curious 
see them np- point, which has formed the subject of much dispute, appears 
down? ^ ^Q ^jjjg. ^^ object appears to be inverted only as it is com- 

pared with some other objects which are erect If all objects hold the same 
relative position, none can be properly said to be inverted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are inverted with respect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same position, that position is called the erect position. 

,^ 710. The optic axis of the eye is a line 

optic axis of drawn perpendicularly through the center of 

* ^^ the cornea, and center of the eye-hall. 
^^d?we*iJS ^^^ reason why with two eyes we do not see 
JSnt^SfanS double is, because the axis of both eyes is 
Ject double! tumcd to onc point, and therefore the same 
impression is made on the retina of each eye. 

The law of vision for visible objects is entirely different from that for points, 
A visible object can not, in all its parts, be seen single at the same mstant of 
time, but the two eyes converge their axes to the near and the remote parts of 
it in succession, and thus give an idea of the diSerent distances of its parts. 
An> defect which will prevent the two eyes from moving together conjointly, 
onr? ijrom converging their optic axes upon every point of an object in succes- 
sion, will be fatal to distinct vision. 

* Birds of prey are enabled to adjns*-. their eyes so as to see objects at a great distance, 
•ad again tbose which are TeTy near. The first is aceomplished by means of a muscle in 
the eye, which permits them to flatten the cornea by drawing back the crystalline fens ; 
and to enable them to perceive distinctly very near objects, their eyes are furnished with 
a flexible bony rim, by which the cornea is thrown forward at will, and the eye thus ren* 
dcred near-sighted. 



854 WBLI«8n3 NATUSAL PHILOSOPnT. 

How ma doa DouWc visiou may be prodiiecd by pressing 
Ua y^bioa bo sli":htly from the side upon the ball of cither 
eye whila viewing an object ; the pressure of 
the finger prevents th3 b^ill of on;3 eye from following the 
motion of the other, and the axis of vision in each eyo 
being rendered different, we see two images. 

Strabismus, or squinting, is caused hj tiio inability of one eye to follow tli^ 
motions of the other, and persons so adfected always see double ; practice^ 
boweYer, gives them power of attending to the sensation of only one eyo at a 
time. 

It is ttom this inability of the eye to fix its optical axis that drunkards see 
double. 

HoTT do we * '^■^^- ^^® i^^^g® ^^ ^^^ distance and size of 
Judge of the an object by the relative direction of lines 

diitanee and . *' „ '' . i • . ^ .t *"'v/w 

#ize of an ob- drawii irom the object to the eye, and by the 

angle which the intersection of these lines 

makes with the eyo. This angle is called the angle of 

vision. 

^a 287. 
A 




The student will bear in mind that an angle is simply tho 

SSeof Tiaiotu inclination of two lines without any regard to their lengtli. 

. Thus, in Fig. 287, the lines drawn Irom A and B, G and P, 

which may be supposed to represent rays of liglit, meet at the eye, and form 

an angle at the pomt of intersection. This angle is the ang^e of vision. 

If A B, Fig. 287, represent a man on a distant moimtam, or on a church 
steeple, and D a crow dose by, the angle formed by the inclination of th3 
lines proceeding fh>m tho two objects will be equal, or the line A B, which s 
the height of the man, will subtend the same angle as the line G D, which is 
the height of the crow; and therefore the man appsara at such a distance no 
larger tlian a crow. 

now Is th • ^® neappf an object is to the eye, the greater must be the 

an^e of Tision inclination of the lines drawn from its extremities to intersect 

SSmm? ^^ ^^ ^^"^ "^ *°&1® *t the eye, and consequently the greater 

will be its angle of yiaion. On the contrary, the more remote 



THE STK, AKD TfiS PBIBKOHSNA OF VISION. B5$ 

•tn olject 18 from t&e ejre, the leas will be the incltnatioa of tlie lines, and the 
less the angle of vision. The nearer an object is to the eye^ therelorc^ the 
laiger it will appei|r. 

Fia. 288. 




ThTis the trees and hoiises far down a Btreetor avenue appear smaller than 
those near by, and the size of a vessel seen at sea diminishes with the increase 
Of distance, as ia shown in Pig. 288. The moon, on account of its proximTtr, 
appears much lai^ar than any of the stars or planets, although it is, in &ct, 
very much smaller. 

Tig. 2S9. 




^ 



— :::>a 



Let A B, Fiff. 289, represent a plan^^t, and P the moon. The angle of 
virion which the planet A B makes with the eye at G, is evidently less than 
the angle which the moon s'lbteuda at -the same point. To a spactator nt O, 
therefore^ A B, though much Uio Lirger bo I7, will appear no larger than 
E F; whereas the moon, CO, will appear as large as the line C D. 

When will an 712. When an object is so remote, or so 
^?®*^ *^,S!ir Rmall, that lines dra\!^n from its extremities 
i^^^*' form no appreciable angle at the eye, the ob- 

ject appears as n mere speck or point, 
now sman an ^^^ ^^^9 ^^^^ ^^ Ordinary amount of llgb^ 
tot^i'??^** can see an object which occupies in the field 
of view^a space of only the sixtieth of a de- 
gree (or one minute). 

This space is al)oiit the 100th of an inch in a circle of twelve inches diameter, 
the eye being supposed to be in the center of tlie circle. Now a body smaller 
than this at six inches from the eye, or any thing, however large, placed so 
fu from the eye as to occupy in the field of view less space than this^ is mvis- 
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tblft to oidiiMrf agbt At four miles oil; a man beoomes Uras inTfaihley and 
a pin-head near bj will bide a hooae on a distant hilL* 

wbai do w« "^IS. Whea we say we see an object, we 
nriTM w meaa that the mind is taking cognizance of a 
•*■**' picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brai% and a knowledge of the 
external object imparted to the mind, is entirely un- 
known. 

Daw tktt a^m ^^ *^ picture, OT image on the retina^ is formed oa a com- 
oT «Mit ^f% parativelj flat snr&oe^ the sense of sight can not of itself a^ 
^J"2™^|!|£J^ £xd any immediate perception of the distance, size, or position 
■In. fniatm, * of external objecta. This knowledge we gaui hj experience 
*^ derived fiom oontinned obserration, snd from the other senses. 

A joong child baa no conception of distance, and grasps at the moon as if 
it were an ol:gect immediatelj within its reach. Persons bom blind and re- 
stored to sight by surgical operations, although able to see distinctly, can not 
prc^ierty comprehend any object or prespect before them. ''I see men aa 
trees walldng;'' said the man bom Umd when restwed to sight Individnals- 
thus situated acquire the ooirect sense of vision only by degrees, like infiuts , 
and it is by experience that they learn to walk about among the objects 
around them, without the continual apprehension of striking themselyea 
against every thing they behold. 

wbai to p«r. Perspective is the name given to that science 
^p*^^' \7hich teaches how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skill of the artist consists in rightly applying the laws and principles 
of perspective ; and a picture is perfect to the extent in which it agrees with 
our experience <^the oljects it represents. 

714. Many optical and mental delusions are occasioned 
in estimating the size, figure, and position of objects, by 

• ** Tho gmtllMt partlde of a vhlte talwfeaiiee dtotingidahalfle by the naked tiye upon a 
black ground, or of a black substance upon a vblte ground, is about the l-400th of aa 
inch square. It is possible, by the Closest attention, and by the most f iTorable direotioa 
of light, to recognise particles that are only l-540th of an inch square, but vithont any 
sharpness or certainty. But particles vhioh strongly reflect Ught may be seen when not 
half the slae of the least of the foregoing : thus, gold dust of the fineness of l.tlSSth of aa 
inch may be discerned by the naked eye in common daylight When particles that eaa 
not be distinguished by themselves with the naked eye are placed la a row, they became 
visible ; and hence the dellca<^ of vision is greater for lines than for single parti<des. 
Thus, opaque threads of no more than l«ffHMHh of an inch across, or about half ttie diam- 
eter of the sUkworm's liber, may be dlsoenwd with the naked eye when they are heU 
toward the light."— i>r. Oatrpmier* 
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an erroneous application of the experience which in ordi- 
nary cases supphes true and accurate couclusions. 
_ ThaS| to most persons a conflagration at night, however 

vxlsjndg^ the distant, appears as if very near. Thu explanation of this mis- 
dUunoe of^ ^^ ^ ^ follows: — ^Light radiating from a center rapidly 
night f weakens as the distance from the center increases, beiL>g, for 

instance, only one fourth part as intense at double the dis- 
tance. The eye learns to make these allowances, and by the clearness and 
intensity of the light proceeding: from the object, judges with considerable ac- 
curacy of the comparative distance. But a fire at night appears uncommonly 
brilliant, and therefore seems near. 

The evening-star rising over a hill-top, appears as if situated directly over 
the top of the eminence. Tlie reason of this also is^ that in judging we mako 
bri^tnesa and deamess to depend on oontigmty, as it ordinarily does; and 
as the star is bright, we unconsciously think it near usl 
Wh do tb B ^^ consequence of terrestrial objects being placed in close 

aod moon ap- comparison, the sun and moon appear larger at their rising 
wSen rlsinfrand ^^^ setting than at any other time. This Hlusion is wholly a 
■ettiag than at mental one, since the organs of vision do not present to us a 
other tlniBs* j^^^^ ^^^ ^^ ^^ ^^ ^^ ^^^ ^ ^^^ y^^^^^ ^^ ^^^^ .^ 

the zenith, or overhead. 

Why does the *^^° moon, although a sphere, appears to be a flat surface, 
moon, a sphere. Since it is 80 remote that we are unable to distinguish any 
Satsur&ro f * difference between the bngth of the rays reflected from the 
drcum&rence, and those reflected from the center. 
Thus the rays A D and C D, Fig. 290, appear to be no longer than the ray 
_, B D ; but if all the rays seem 

of the same length, the part B 
will not seem to be nearer to 
us than A and C ; and there- 
fore the curve ABC will look 
like a flat, or horizontal surface. The rays A D and C D are 240,000 miles 
long. The ray B D is 238,910 miles long. 

^^^^^ t^j, 715. In order that the eye may see distinctly, 
ieSSfS^dSl the picture formed upon the retina must be 
tiact vision? illuminated to the right degree, and it must 
also remain sufficicDtly long upon the'retina to produce a 
sensation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
litUe to produce a sensible perception of its form. Thus, we can gain no idea 
of the form of the sun by viewing it in the clear sky, because the degree of 
illumination is so great, that the sense of vision is overpowered, just as sounds 
are sometimes so intense as to be deafening. That it is the intense splendor 
alone which prevents a distinct perception of the sun^s figure, is rendered 
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fTideut by the fiM^t that when a portion of the light is cat olT by a colored 
glass, or a tuin cloud, tho imago oi the sun is seen distinctly. On the con- 
tiary, we tail to perceive many stars at night, because the images they pro- 
duce on the retina are ioo faintly illuminated to produce sensation. That 
some.light from such stars actually enters the eye, is prored by the fact that 
if we place a lens before the eye, and collect a greater quantity of their light 
upon the retina, they at once becomo viable 

cin the eye ^^^^ ^7^ posscsses Q, limited power of accom- 
! •?wl'^ur modating itself to various degrees of illumi- 
v.:a^ni nation. In the dark, the pupil of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon .tho retina ; in the light, Iho pupil contracts 
in proportion to tho intensity of tho illumination, and 
diminishes the number of rays falling upon the retina. 

-_. . . Tliis change does not take place instantaneously. TVTien 

from 'the light vro leave a brilliantly iHumiuated apartment at night and go 
So Ve %nd'^^i ^°*^ ^^® ^^^^ Street, wo are unable for a few moments to sco 
difficult at first any tiling distinctly. Tlie reason of this is, that the pupil of 
tSing?* *°^ th3 eye, which has become contracted In the light, 13 unabb 
to collect sufficient rays from the objects in the dark lo sco 
them distinctly. In a few moments, however, the pupil dilates, allows moro 
rays to pass through its aperture, and we see more distinctly. The roverso 
of this takes place when wo go from the dark into the light Cats, owls, and 
some other animals aro abb to see distinctly in the dark, because they have 
t!i3 power of enlarging the pupils of their eyes so as to collect the scattered 
rays of light. 

Every impression made by light remains for a certain length of time on 
the retina of tho eye, according to the intensity of its effects, and a mea5U> 
able period is necessary to produce a sensation. 

WTi t f etM ^^ ^^ unable, when riding rapidly, on a railroad, to count 
prove the con- the posts of an adjoining fence, because tho light from each 

iniMeuponthS P^* ^*^ "P°° *'^° ^^^ ^^ ^^^ ^^^^ succession, that tho dif- 
tM ia after tho Lrcnt images becomo confused and blended, and wo do ZK>t 
SpioM^d ? ^^ ^^*^ ^ distinct vision of tho particular parts. 

If we rotate a stick, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this is, that tho 
cro retains the image of any bright object for some little time after the object 
L withdrawn ; and as tho light of the stick returns to each particular point of 
iLs path before tho imago previously formed has fidod from tho retina, it seems 
to form a compbto circb of fire. 
_- , ,, ^ This continuance of tho impressbn cf external objects ca 

TVhyls It POt , . ^ , ,. , ,. /. ^1 1 la 

dark vb«n wo tho rctma after tho hght proceeding from them ha3 cea^ to 
^^-^^ act, is tho reason also why we ore not sensible of darknea 

triiea w» vial^ 
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Tho apparent motion of certain colored figurea in worsted work, known by 
tiio name of the "dancing .roico," is due to the fact that when the surface 
is moved in a particular direction, as from side to side, the impression of the 
color on the retina remains lor an appredable interval after tlie figures have 
moved, and this gives to them an apparent motion. This effect will not, 
however, take placa unless the colors of the figures and the ground-work are 
very brilliant and complementary of each other, as red upon a green ground. 

whenismotion 716, No iDOtion IS perceptible to the eye 
^'^^yfi^^ which has a less apparent velocity than one 
degree per minute. 

It is for this reason that the motions of the heavenly bodies are invisible, not- 
withstanding their immense velocity. The apparent motion of the sun, moon, 
and staTi^ owing to the revolution of the earth, is one quarter of a degree a 
minute ; but if the eartli revolved on its axis in six hours instaad of twenty- 
four, then the C3lestial bodies would have a motion of one degreo per minute, 
and their movements would be distinctly perceptible. 

For the same reason, the motions cf tho hands of a clock are not per- 
ceptible to the eye. 

On the contrary, when a body movids with such rapidity from one position 
to another, that its image does not remain long enough upon one point of tho 
retina to sufficiently impress it, it becomes invisible. Hence it is that a 
ball discharged from a cannon, and passing transversely across the eye, is not 
82on. 

Hov is appa. Apparent motion is alfecledhy distance, and 
focte?**by dit *^® motion of a body which is visible at one 
**°*^' distance may be invisible at another, inasmuch 

as the angular velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of 67^ feet firom tho eyo move at tho rato 
of a foot per second, it will appear to move at the rate of one degree per 
secoad, inasmuch as a line one foot long at 67|- feet distance subtends an 
angle of on 3 degreo. Now if the eye be removed from such an object to a 
distance of 1 15 feet, the apparent motion will be half a degree, or thirty min- 
utes per second ; and if it be removed to thirty times that distance, the ap* 
parent motion will be thirty times slower. Or if, on the other hand, the eye 
bo brought nearer to the objoct, the apparent motion will bo accelerated in 
exactly the same proportion as tlie distance of the eye is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards from the eye, will he invisible, since it 
will not remain a sufficient time in any one position to produce perception. 
The moon, however, moving with more than double tho velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent mctioa sosloir 
as to bd imperceptlbie to the unassisted eye. 



860 



WXLLS*S KATUEAL PHILOSOPHT. 



SECTION V. 
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OPTI0i.L IVSTBUXBHTS. 

717. The portable camera obscara, each as is ordinarily 
ased for photographic purposes, consists of a pair of acbro- 
matio double convex leases^ set in a brass mounting (see Fig. 
29 IX into a box consisting of tvro parts, one of which 
slides within the other. The total length of the box is 
adjusted to suit the focal distance of the lens. In the 
back of the box, which can be opened, there is a square 
piece of ground glass which receives the images of tho 
obJ3cts to which the lens is directed, and by eliding tho 



Fig. 292. 



movable part of the box in or out, the 
ground glass can be brought to the 
precise focus. The interior of the box 
is blackened all over to extinguish 
any stray light 

The appearance of the camera as 
described is represented by Fig. 292. 

What are Spec 718. SpectE- 

**^**' cles consist of 
two glass or crystal lenses, 
of such a character as to 

remedy the defects of vision in imperfect eyes, — mounted 
in a frame so as to be conveniently supported before tho 




,^ ^ Spectacles are of two kinds, namely those 

What are the /^ i-* -,. i . 

two vaiietiea With couvcx glasses, which magnify objects, 
or bring their images nearer to the eyes ; 
and those with concave glasses, which diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Some persons, in order to protect the eye from excessiTe light, use blue 
glasses as spectacles; they are, however, more mischievous than useful, since 
they absorb different parts of the spectrum unequally, and transmit the violet 
and blue rays. 

What to a Mi. ^^^' -A. Microscope is any instrument which 

croscope? magnifies the images of minute objects, and 

enables us to see them with greater distinctness. This 

result is produced by enlarging the angle of vision under 
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which the ohject is seen^ — since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 

Microscopes are of two kinds— simple and compound. 
What are the ^^ *^® simplc microscopo, the object under 
tvo T«i8tie« examination is viewed directly, either by a 

of microscopes f , , _ * \ 

Simple or compound convergiug lens. 
In the compound microscope, an optical image of the 
object, produced upon an enlarged scale, is thus viewed. 

The simple microscope is -geaerally a simple convex lens, in tbe tocus of 

which the object to be examined 
is placed. Little spheres of glassy 
formed by melting gkiss threads 
in the flame of a condle, form 
very powerful microscopes. 

Fig. 293 represents the mag- 
nifying principle of the micro- 
scope. An eye at £ would seo 
the arrow A B, under the visual 
angle A E B ; but when the 
lens, P P' is interposed, it is 
seen under the visual angle at 
A' £2 B', and hence it appears 
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much enlarged, as shown in the image A' B'. 

Pig. 294 represents the most im- 
proved fc^rm of mounting a simple 
microscope. A horizontal support, 
capable of bemg elevated or depressed 
by means of a screw and ratch-work^ 
D, sustains a double-convex lens, A. 
The object to be viewed is placed 
upon a piece of glass, C, upon a stand- 
ard, B, immediately below the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glass, 
M, is placed at the base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which fell 
upon it directly upon the object 

wh.. i.th. 720.TheCom- 
JTSlS^S^i pound Micro- 
*"''***P'' scope, ia its most 
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nmple form, consists of two lenses, so arranged ih-it 
the second lens magniiies the image formed by the first 
lens, or simple microscope. In this way the image (»f 
the object is examined by the eye, and not the object 
itselK 

The first of these lenses is called the object- 
glass, or objective, since it is always directed 
immediately to the object, which is jdaced 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as tho eye of the observer is applied 
to it to view the magnified imago of the object. 

FiO 293. 



TToTT are the 
k>i«es of a 
c< ipooifl mi* 
• copedoaigw 
lu.eJ/ 




Fig. 295 illustrates the magnifying principle of the compound microscope. 
represents the object-glass placed near tho object to bo viewed, A B, and 
G, the eye-glass placed near the eyo of tlio observer, E. Tho objoet-glass, O, 
piesentaa magnided and inverted image, a &, of the object at the focus of tho 
cye-glas^ G. Tho image thus formed, by moans of tho second lens or eye- 
glass, G, is magnified and brought to the eyo at E, so as to appear under tho 
enlarged visual angle, A' E B'. If wo Fupi:oso tho object-glass, 0, to have a 
magnifying power of 25— that ia, if the imago a h equals 25 A B, and Uio 
eye-glass, G, to have a magnifying power of 4 — then tho total magnifying 
power of the microseopo will bo 4 times 25, or 100; that is to say, tho 
image will appear 100 times the size of the object 

Fig. 296 represents the most approved form of mounting tho Icnsca 
which compose a compound microscope. Tho tube, A, whidi contains ia 
its upper part tho eye-glass, slides into another tube, B, in tho bottom cf 
which the object-glass is fixed ; this last tube .also moves up and down in 
tho stand, C, and in this way the lenses in tha tubes may bo ndjusted to tho 
proper distance frorfi each other and tho object. M is a mirror for reflecting 
light upon the object^ and S a support on which tho object to bo oxamiaed 
IS placed. 
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Wat is a 721. A Telescope is any 

Teieacopef instrument wliich mngni- 
fies and renders visible to the eye the 
images of distant objects. This result 
is effected iu the same manner as in 
the microscope, viz , hy enlarging the 
visual angle under which the objects 



Tia, 296. 



are seen. 



now many 
kinds of tele- 
scopes are 
there f 



Telescopes are of two 
kinds, refracting telescopes 
and reflecting telescopes; 

the principle of construction in both 

being the same us that of the com- 
pound microscope. 

m-tisaite- 722. The Eefracting 

^ttng Tele- Tclescope cousists essen- 
tially of two convex lenses, 

the object-glass and the eye-glass. 

An inverted image of an object, as a 

star, is produced by the object-glass, 

and magnified by the eye-glass. 

Fig. 297 represents the principle of construction 
of the astronomical refracting telescope. is an 

object-glass placed at the end of a tubo, which collects the rays proceeding 
from a distant object and forms an invertod imago of the s.omo at o o\ in the 
locos of the oye-glasa, O. B/ this tho image is magnified and viewed by the 
eyeat £. 





T7!:at ii aa 

TriuatorLil 
Tdsseopo? 



723. When a telescope is mounted on an 

axis inclined to tho latitude of a j)lace, so that 

ifc can follow a star, or planet, in its diurnal 

revolution, by a single motion, it is culled an Equato- 

niAL Telescope. 

Sadi en inftramdnt Is generally morod by clockwork, aad Is ocoarately 
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oonnterbaUmoed hy an arraDgement of weights. A small telescope caScd thft 
finder, is attached near the eye end of the large one ; this is so adjusted that 
when the object is seen through it, it appears in the field of the lai^ge tele- 
scope, thus savmg much trouble in directing the instrument toward anj par* 
ticular object. 

The mounting and attachments of an equatorial tdesoope are represented 
in Fig. 298. 

Fia. 298. 




WhatisrSpT' 
glaiM? 



724. A spy-glass, or terrestrial telescope, 
differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer' to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses^ placed between the 
eye and the image. 

The arrangement of the lenses, and the course of the mys of lights in a 
common spj-jrlass, are represented in Fijr. 299. is the objectrglass,.and 
L M the eye-glasses, placed at distances from each other equal to double their 
Ibcal length. The progress of the rays through the object-glass, 0, and the 
fx8t egre-glaflBy Q is the same aa in the astronomical tclesoopei «n^ ]yi ^y«rted 
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famge 18 foTxned ; but the second lens, L, revenes tUe imago, which is viewed 
therefi^ in an erect position bj the last eje-glass, M. 

Fig. 299. 




What is the 725. The common opera-glass, also called 
wnrtructfon^ the Galilean telescope from Galileo, its in- 
8'^' vontor, consists of a single convex object-glass 

and a concave eye-glass. 



Fig. 300. 




^^ 



Fig. 300 represents 
the constraction of this 

form of telescope. is 

a single convex object- 

glass, in the focus of 

which an inverted image 

of the object would be naturally formed, were it not for tTie interpoaitioa ct 

the double-concave lens, E. This receivhig the converging rays of lijht, 

causes them to diverge and enter the eye parallel, and form an erect image. 

whfctis a Re- "^26. A Reflecting Telescope consists essen- 
flwdng Tele- tially of a concave mirror, iho image in wbicli. 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made of polished 
metal, and is termed a speculum. 

The manner in which the rays of light &lling upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly showoi 
in Fig. 301. The image formed at this focus is viewed through a double- 
convex lens. 

Fro. 301. 




Fig. 302 represents one of the earliest forms of the reflecting teloFcope, called 
from its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a concave metallic speculum, A B, with a hole in its center, and a convex 
eye-glass, E, the whole being fitted into a tube. An inverted image, nf m\ 
of a distant object is formed by the speculum, A B ; tlus image is agaUi 



366 



WELLS'S KATUBAL FHILOSOPHT. 



PlO. 302. 



►<tf.'"V;^."«-."^'-^.' -......_..„.. 




roflcctcd by a small 
mirror, C D, aud Sanas 
an erect imajo at n m, 
which is magnified hy 
the lens, K, when ob- 
served bj the eye. 




Another form of 
the reflecting tclo 
scope, called tha 
Newtonian, is rep- 
resented m Fig.'303. 
It consists of a lai*go 
concave epcculum, 
A B, set in one end 
of a tube, and a small plane mirror, C D, placed obliquely to the axis of the 
tube. The image of a distant object formed by the speculum, A B is reflect- 
ed bv the mirror, C D, to a pointy m' »', oa the side of the tabo, and is thero 
viewed through an cye-ghiss, E. 

Fig* 304. Large reflecting telescopes;, 

at the present day, are so con- 
structed as Ko dispense with 
the small mirror. This is ac- 
complished by slightly inclin- 
ing the large speculum, so as 
to throw the image on ono 
8idd where it ia viewed by an eye-glass, as is represented in Fig. 304. 

Fig. 305. 





\ 
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Tbo largest tclescopo ever constructod 13 tliat mado by Lord Rosso. Tlrla 
instrumeut) wbidi i3 a redejtiag teleicopa, ia located at Parsoustowii, in 
Irelaud. Its external appcaranco and mutbod ut' mouuting is represented in 
Fig. 305. Tbo diameter of the speculum ia G feet, and its weight about 4 tons. 
The tube in wbiob it is placed is of wood booped wita b'on, 52 feet m length 
and 1 feet in diameter. It is counterpoised ia every direction, and noves 
between two walls, 24 foot distant, 72 fsjet long, aad 48 feet bigb. Tbe ob- 
server stands on a pbtfonn wblcli rls^s or falls, or at great elevation upoa 
sliding galleries which draw out from tbo wall. 

This telescopa commands an immense field of vision, and it is said that oi> 
jects as small as 100 yards' cube, can be distinctly observed by it in tbo moon 
at a distance of 240,000 miles.* 

whatisaMagic 727. The Maglc Lantern is an optical in- 
^^*®^ ' strument adapted for e.xhibiting pictures paint- 
ed on glass in transparent colors, on a large scale, by means 
of magnifying lenses. 

PlO. 30G. 




It consists of a metallic box, or lantern, A A^, Fig. 306, containing a lamp, 
L, behind which is placed a metallic concave mirror, p q. In front of tbo 
la np are two lenses, fixed in a lubo projecting fooi the side of the lantern, 
cue of which, m, is called tbo illuminator, and the otiier the mnfrnifier. The 
objects to bo exhibited aro painted o:i thin plates of glass, wl.icb are inlro- 
duoei by a narrow opening ia thj tube, c c/, between the two lenses. Tbo 
mirror and tlw first Lns, w, servo tj illujiiaaio lUo painting in a hijih degree, 
fjr tho lamp boia^ placod ia thoir foci, laey throv/' a IriUiact Y.glX rjon \% 
axd tho magnifying bn-«, w, which can sliJo in its tnbo a Ktlle backward «i d 
forward, is placed in snc'i a pos'tioT as to t!irow a bijrhly m-gnifiid image ;f 
the drawing upon a screen, several fjet oT, the precbo focal distance bcii ;? 
adjusted by sliding th3 lens. Tho farther the lantern ij vrithdrawn irom tbo 

♦ B7 the all of this tnljhty Iniitmm«»nt, "one of tho raort troT^er'nl rontrihiitfong of 
art and sclcco the trorli has jret seen." rrhnt n^tr'>''0'Tj'»r<» h^r^ hf^'n-o o-llftl rrhiiln, on 
aoooant of their dond-Hko appearance, hare heen discoTerel to he stars, or suns, annTo- 
gous, in all probability, in co ^stitution, to our ovn sun. In the constellations Ar.dro. 
ineda and the sword-hilt of Orion, both of which aro visible to tho naked eye, theeo 
«l«>ttd-like patches havo been seea as dusters of stars. 
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,tiie larger the image will appear; bat when the disfeanoe Is oonaidem- 
ble the image beoomea indistinct 

What are wa "^^^^ ^^® bcautiful optical Combinations 

•DiTiogvicw*? tuowii as Dissolving Views are produced hj 
means of two magic lanterns of equal power, so placed as 
to throw pictures of pteciselj equal magnitude on the 
same part of the same screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

Thos^ if the picture prodaced hj one lantern represents a day landscape, 
and the picture produced by the otiier the same landscape by night, the one 
maj be changed into the other so gradually aa to imitate with great exactness 
the appearance of approaching night 

wiiattoafloitf 729. The Solar Microscope is an optical in- 
^'*'*"~**'*' strument constructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. . 

Thia result is effected hy admitting the rays of the son into a darkened 
room, through a lens placed in an aperture in a window shutter, the rays 

being received by a plane minor fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object i^ 
placed between this lens and another 
smaller lens, as in the magic lantern ; and 
themagnifled image formed is received upon 
a screen. In Fig. 307, wtiicfa. lepnesenta 
the construction of the solar microscope, C 
is a plane mirror, A the illuminating Icna^ 
and B the magnifying len& The objects to 
be magnified are placed between the lanses A and B. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
be magnified much more highly than with the lantern. Hence this form of 
microscope is often employed to represent, on a very enlarged scale, various 
minute natural objects, such as animalculsB existing in various liquids, ciys- 
tailization of various salts, and the structure of vegetable substauoes. 



FiQ. 307. 




CHAPTER XT. 

ELECTRICITY. 
"What is Elec- 730. ELECTRICITY is OllG of thoSG SUbtlo 

*rf«»'y' agents without weight, or form, that appear to 
"be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

How may dec- ^31. Elcctricity may be excited, or called 
trid^ be ex- j[^|.q activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know any reason why the means above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a material substance, a property of matter, or the vibration of an 
ether. The general opinion at the present day is that electricity, like light 
and heat is the result of vibrations of an ether pervading all space. 

Hov is elec 732. The most ordinary and the easiest way 
wiSjrexoitedl of exciting electricity is. by mechanical action 

— by friction. 
Hoir does dec- If wc Tub B, glass rod, or a piece of sealing- 
tridty e^cued ^r^^^ qj, Tcsiu, Or amber, with a dry woolen, or 
manifest Itself? gj|j^ substauce, thcse substauces will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silt, gold-leaf, balls of pith, etc. 
I This attractive force is so great, that even at the dis^ 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
£tct more than two thousand years ago, tliat amber when rubbed would at* 

16* 
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tnct light bodies ; and the name deetrieUfft med to designate siidi pbeno* 
meoa lias beea deriYed from the Greek word ti^^Krpov, electron, signifjring 



When la » body 
«idtolw«leo- 
trifiadr 



WhatlBeleetrle 



What other ef- ^^ *^® frictioii of the glass, wax, amber, etc., 
SSteStJj^ is vigorous, small streams of light will be seen, 
SSJrtdS*'*^ a crackling nt)i8e heard, aud sometimes a re- 
markable o3or will be perceived. 

733, When, by friction or other means, elec* 
tricity is developed in a body, it is said to be 
electrified, or electrically excited. 

The tendency which an electrified body has 
to move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction, 
whatiadeetrio Evcry clectrificd body, in addition to its at- 
repoiaioat tnictive forcc, manifests also a repulsive force. 
This is proved by the fact that light substances, aftet 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a dry glass rod, rub it well 
with silk, and present it to a light pith ball, or 
feather, P, suspended from a support bj a eUIc 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at O, Fig. 308. After it 
has adhered to it a moment, it will Gy ofi^ or b^ 
repelled, as P* from G', 

The same thing will happen if sealing-wax b« 
rubbed with drj flannel, and a like experiment 
made ; but with this remarkable difiference, that 
when the glass repels the ball, the sealing-wax attracts it, 
and when the wax repels, the gLiss will attract Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealmg-wax, S, on 
one aide, and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels; hence we conclude 
that the electricities excited in the glass and wax are different. 

_ ,^ 734. As the electricity developed by the 

Is there more ^ . . - , i , im i . 

SdeSScu*"? friction of glass and other like substances is 
essentially different from that developed by 
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Fig. 309. 
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tho fiiclion of rcsIn, wa:c, etc., it hns been inferred that 
there are two kinds or 6tate.i of electricity — the one ciUctl 
vitreous, because especially (leveloi)ed on ^lass, and the 
other resinous, because first noticed on resinous sub- 
stances. 

What u the The fundamental law which governs the re- 
SlSdcii*''*^ lation of these two electricities to each other, 
MjjSdiaf*"** and which constitutes the basis of this depart- 
ment of physical science, may bo cx:pressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

Thus, if two sabstanccs arc chargDd with vitreous electricity, thoj rcpol 
each other; two substances cliarged witli resinous electricity also repel each 
other ; but if one is charged with vitreous, and tho other with resinous elec- 
tricity, they attract each other. 

Wienie abodr "^^S. Whcn a body holds its ov/n natural 
noa-cioctrifiedf quantity of electricity undisturbed, it u said 
to be non-electrified. 

When an electrified body touches one that 
triiei b>i7 IS n')n-clectrified, tho electricity contained ini 
nri-ifectriflei, tho formcr is transferred in part to the latter. 
Thus, on teaching tho end of a su'psndod silk threal with a 
pioc3 of excited wax or glass, electricity will pass from tho wax or glass into 
th3 silk, aad render it electrified; and the silk will exhibit tho effects of tho 
ddotrioity impartod to it^ by moving toward any objxt that may bo placed 
Bdorit. 

736. Two theories, based upon the phenom- 
orij^iuv3bj6i cna of attraction and repulsion, havo beea 
emit for 'ci)c- formed to account for tho nature and origin of 

"* ^ electricity. These two theories are known as 
th3 theory of two fluMs, and the theory of the single fluiJ; 
or th3 th3ory of D i Fay, an eminent French electrician, 
and the theory (»f Dr. Franklin. 

737. The theory of two fluids, or the theory 
thaoT of iwl of Du Fay, supposes that all bodies, in their 
^^^^^ natural state, are pervaded by an exceedingly 
thin subtb fluid, which is composed of two constituents^ 
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or elements, viz., the vitreous and the resinous electrici- 
ties. Each kind is supposed to repel its own particles, but 
attract the particles of the other kind. 

TVbeD these two fluids penrade a bodj in equal qaantities, the/ neiitraliza 
each other in virtoe of their mutoal attractioii, and remain in repose ; but 
when a bodj contains more of one than of the other, it exhibits yitreons or 
resinous electricity, as the case may be. 

738. The theory of a single fluid, or the 
V eoV of a theory propounded hy Dr. Franklin, supposes 
* " * the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

TThen a substance pervaded by this single fluid is in its natural state or 
condition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the eiectridty developed by glass and that by resin is explained by this 
theory, by supposing olectrcal ezdtation to arise from the difiference in the 
relative quantities of this principle existing in the body rubbed and the rub- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle fl^m the other. 

whatareposi- *^33. THc two different conditions of electric- 
ttU^^SscS ^^-y^ which were called by Du Fay vitreous and 
*^^ resinous electricities, were designated by Dr.. 

Franklin as positive and negative, ot plus and minus.. 
Thus a body which has an overplus of electricity is called, 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adopted 
by scientific men, and tho terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
years, however, some discoveries have been made which seem to indicate 
that the theoiy of two fluids is the one which approaches nearest to the. truth. 
What is Pro- ^^ addition to these two theories respecting the nature of 
jfeHsor Faro- electricity, anothier has been proposed by Professor Faraday, 
tlwMdS^y^ of England. He considers electricity to be an attribute, or 
quality of matter, like what we conceive of the attraction of 
gravitation.* 

♦ It ia not easy to perfectly explain to a beginner the vleir wWch has been tiken hy 
ProfenBor Faraday (who is at present the highest recogniked authority on this subject) re- 
specting the nature of electricity. The following statement, as given by a late writer 
tfiobert Hunt), may be mffioienay comprehensiye and dear i " Every atom of matter is 
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^ 740. light, heat, and electrioitf appear to hare aome prop^ 

eonneefcion be- erties in common, and each may be made, under certain cir- 
ir^r* nd^'te©^ cumstances, to produce or excite the other. All are so light, 
tridty? Subtle, and diSusive, that it has been found impossible to recog- 

nize in them the ordinary characteristics of matter. Some sup- 
pose that light, heat, and electricity are all modifications of a common principle. 
__ ^^ . 741. Electricity exists in, or may be excited m all bodies, 

electrical di- There are no exceptions to this rule, but electricity is de- 
i^tetonc^?**^ veloped in some bodies with great ease, and in others with 
great difficulty. All substances, therefore, have been divided 
JDto two classes, viz., Klectrics, or those which can be easily excited, and 
Nou-electrics, or those which are excited with difficulty. Such a division is, 
however, of little practical value in science, and at present is not generally 
recognized. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies submitted to friction will produce positive, and 
which negative electricitj. Of all known substances, a cat's fur is the most 
susceptible of positive, and sulphur of negative electricity. Between these 
extreme substances others miglit be so arranged, that any substance in the 
list being rubbed upon any other, that which holds the highest place will be 
positively electrified, and that which holds the lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

Can one dec- I^ ^0 cEsc Call clectricity of one kind be 
dted^^thSui excited without ectting free a corresponding 
«eMn| free the amount of clectricity of the other kind ; hence^ 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

.What are cmi- 742. Bodics diifcr greatly in the freedom 
nSS^4art?« ^'^^^ which thcy allow electricity to pass over 
©f electricity? ^j. through them. Those substances which 

regarded as exi^ng by virtue of certain properties or powers, these being merely pecu- 
liar a£Ecetlons, which may be ngarded as being of a similar natnre to vibrations. It is 
assnmed that the electric state is but a mode or form of one of these aifections. One par- 
ticle of matter, having received this form of disturbanee, communicates it to all contigu- 
ous partidea— thatis, those which are next to it, although not in contact— and this com- 
munication offeree takes place more or less readily, the ooromnnieating particles assuming 
a polarized state— which may be explained as a state presenting two dissimilar extremities. 
When the communication is slow, the polnrlzed state is Mg^st, and the body is said to 
be an insulator : insulation being the result If the particles communicate their cooditioa 
readily, they are termed conductors : conduction is the result. The phenomena of In- 
duction, or the production of like effects In contiguous bodies, is, therefore, aoeording ts> 
this view, but something analogous to the communication of tremors, or vibrations.** 



874 WELLS'S KWtXB'AL 1»H1L0S0PHT* 

facilitato its passage nro called conductors ; lliosc Ihat re- 
t:irJ, cr t.l:iiost jTcvcnt it, arc called noa-conductor3<. 

No substanco can entirely prevent tho passage of clcctridtj, nor is tbcrd 
iinj wliich doe3 not; opposo somo rcsistaaco to its passage. 

TThat rub. Of all bodics, tho metals are the most per- 
c^°dSJto«^f feet conductors of electricity ; charcoal, tho 
doctricityf earth, water, moist air, most liquids, except 
oils, and the human body, arc also good conductors of 
electricity. 

What u (he 743. Tho velocity with which electricity 
t^i^ityofdec passes through good conductors is so great, 
that the most rapid motion jiroduccd Ly art 
appears to be actual rest when compared to it. Somo 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What snh- Grum shellac and gutta percha aro tho most 

JSTdiJotorr^' perfect non-conductors of electricity ; sulphur, 
electricity f sealing-wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, atid baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metallic chain or wire is held in the hand, one end touching the 
ground and the other brought into contact with an electrified bod\r, no part 
of the electriqjy will pass into the hand, the chain being a better conductor 
than the flesh of the hand. But i? while one end of the chain is in conta t 
With the conductor, the other be separated from the ground, then the electricity 
will pass mto the hand, and wUl be rendered sensible by a convulsive shock. 

When i«ia body 744. When a conductor of electricitv is sur- 

insulated? j j ^^ • t •% 

rounded on all sides by non-conductinj? sulv 
Btances, it is said to be insulated; and the non-conducting 
substances which surround it are called insulators. 
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nThenisabo^T ^tcu a conducfing body is iasulated, il; 
Siarged* irith retains upon its surface tho electricity com* 
•^^•^'^^'y' niunicated to it, and in this condition it is 
said to be cbarged with electricity. 

A conductor of electricity can only remain electric as long as it is insulated, 
that is, surrounded by perfect non-conductors. The air is an insulator, sinco, 
if it were not so, electricity would be instantly withdrawn by tlio atnosplicro 
firom electrified substances. Water and steam are good conductors, cons> 
qucntly, when the atmosphere is damp, tho electricity will soon be lost, 
wliicli, in a dry condition of tho air, would havo adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
core!, and charged with electricity, will retain the charge. Ir^ on the con- 
trary, it were supported on a metallic pUlar, or suspended by a metallic wbo, 
the electricity would immediately pas3 away over tho metuUio suifUce and 
escape. 

In tho experiments made with tho pith balls (§ fSS, Fig. 308), tho silk 
thread by which they were suspended acts as an insulator, and the eloctricity 
with which they become charged is not able to escape. 

, . . . 745. When electricity is communicated to 

Poo8 dpctricl- i • i i • • i 

ty accnmuiato a conductm*? body it resides merely upon the 

iip«m the snr- ii "^ii 

face or the in- Burfiice, and uocs not penetrate to any depth 

within. 

ttt ^10 Thus, if a solid globe of metal suspended by a 

silken thread, or supported upon an insulated 

glass pillar, be highly electrified, and two thin 

hollow caps of tin-foil or gilt paper, fhmished 

with insulating handleSi as is represented in 

Fig. 310, be applied to it, and then witlidrawn, 

it will be found that the electricity has been 

completely taken off the sphere by moans of the caps. 

An insulated hollow ball, however thin its substance will contain a charge 
of electricity equal to that of a solid ball of tha s%me size, all tho eloctricity in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electricity, 
/brmof?bod7 t^® distribution is equal all over the surface; but when tie 
*i^°h13 *** ^'^^ *® which the electricity is communicated is larger in one 
ditionr " direction than the other, the electricity is chieflv found at iia 

longer extremities, and the quantity at any point of its sur- 
&oe Is proportional to its distance from the center. 

The shape of a body also exercises great Influence in retaininT electricity: 
it is more easily retained bv a sphere than by a spheroid or cylin lor; but il 
readily escapes from a pomt, and a pointad object also receives it with the 
greatest fiicility. 
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ynttt Is the 



„-. - ^ ^*®* ^® ^^^ ^* oongidered as the great 
ffStS^^ general reservoir of electricity. 

When bj means of a oondoctiiig sobstaDce a ccmnntiiit- 
eation is established between a body containing sn excess of electricitj and 
the earth, the bodj will immediatelj lose its surplus qoantitj, which passes 
into the earth and is lo:st by diffusion. 

whrt iM ctec "if 47, When a body charged with electricity 
trieaiiodacdaar ^f ^^^ j^^^j jg brought loto proximity \nth 

other bodies, it is able to induce or excite in thetn, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

th '^^ effect arises from the general law of electrical attraiv 

•iMiwmaBa of tion and repulsion. A body in its natnral condition contains 
hdactioii. ^^ quantities of positiTe and negatiye electricities^ and when 

this is the case, tlie two neutralize each other, and remain in a state of eqnili* 
brium. But when a body charged with electricity is brought into proximity 
with a neutral body, disturbance immediately ensuesi The electrified body, 
by its attractive and repulsive influence, separates the two electricities of the 
neutral body, repelling the one of the same kind as itself and attracting the 
other, which is unlike, or opposite. Thus, if a body electrified positively be 
brought near a neutral body, the positive electricity of the neutral body wfll 
be repelled to the most remote part of its sur&ce, but the negative electricity 
wiU be attracted to the side which is nearest the disturbing body. Between 
these two legiotts a neutral line will separate those points of the body ovw 
which the two opposite fluids are respectively distributed. 

Pj^ gj j^ Let C A D, Fig. 31 1, be a metallic 

cylinder placed upon an insulating 
support, with two pith balls sus- 
pended at one end, as at D. If 
now an electrified body, E, be 
iMTonght Bear to <me end of the cyl* 
inder, the balls at the other ex- 
tremity will immediately diverge 
from one another, showing the pres- 
ence of firee electricity. This does 
not arise from a transfer of any of 
fie electric fluid finom B to 0, for upon withdrawing the electrified body, 
£, the balls will fidl together, and appear unelectrifled as before ; btt the 
electricity in E decomposes by its proximity the combination of the two 
electricities in the cylinder, GAD, attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the further 
end. The middle part of the cylinder, A, which intervenes between the 
two extremities^ will remain neutral, and exhibit neither positive nor negative 
electricity. 
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Fio. 312. If three (^linden are 

placed in a row, toaching 
one another, as in Fig. 312, 
and a positivelj electrified 
bodjr, E, be brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders will be decomposed, 
the negative being accumulated in N, and the positive repelled to P. If in 
t!iis condition the cylinder P be first removed, and then the electrified body, 
the separate electricities will not be able to unite, as in the former experi- 
ment, but N will remain negatively, and P positively electrified. 

Expuin the ThcsG experiments explain why an electrified 
SSSSald TO*" surface attracts a neutral, or unelectrified body, 

iwtiiirOT an* ^^^^ ^^ * P^*^ ^^^ ^^ ^® °^* **^^* electricity 
«>a*rifledbody. causcs attractions bctwccn excited and uncx- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
surface, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by indnction. Thus, if a per- 
son stand close to a large conductor strongly charged with electricity, he 
will be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by the sudden recomposition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

What la aa ^^' -^.u clcctrical machine is an apparatus, 
d^cai ma. j^y meaus of which electricity is developed and 

accumulated, in a convenient manner for the 
purposes of experiment. 

ofwhatewen- AH electrfcal machiucs consist of three 
^^?StriSS principal parts, the rubber, the body on 
machine con- ^hosc surfacc the clectric fluid is evolved, 

and one or more insulated conductors, to 
which this electricity is transferred, and on which it is 
accumulated. 
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Describe the 
tiro Tarieties 
of electrical 
niaehi les ia 
commoa uiie. 



Fig. 313. 




Electrical machines arc of two kinds, tlie 
plate ani cylinder machines. They derive 
their names from the shape of Iho glass cm- 
ployed to yield the electricity. 

Tlie platen electrical machine, wbidi is 
represented in Fig. 313, consists of a 
Urge circular plate of glass mounted 
upon a metallic axis, and sujjportod up- 
on pillars fixed to a secure base, so tliLt 
the plate can, by means of a handle, tr, 
be turned with ease. Upon the sup- 
ports of the glass, and fixed so as to 
pres3 easily but uniformly on the i lat?, 
aro four rubbers, marked rrrr in the 
Cgura ; and flaps of silk, 8 5, oiled on one 
sid?, are attached to these, and secured 
to fixed supports by several silk cords^ 
When the machine is put in motion, 
" these flaps of silk aro drawn tightly 
against the glass, and thus the friction is 
increased, and electricity excited. Tha 
points iJ^J collect the electricity from the glass as it revolves, and convey it (o 
the prime conductor, c, which is insulated and supported by the glass rod, g. 

Tlio cylinder electrical machine represented by 
Fig. 314, consists of a glass cylinder, so arranged 
that it can be turned on its axis by a crank, and 
supported by two uprights of wood, dried and 
varnished. F S indicates the position and ar- 
rangement of the rubber and silk, and Y that 
of the prime conductor. The principle of the con- 
struction of tho cylinder machine is, in every 
respect, the same as that of the plate machine. 
What U the The rubber of an electrical ma- 
cotntructioT of chino consists of a cushion stuffed 
the rubber? ^.^^^ j^^.^^ ^^^ covered with 

leather, or some substance which readily generates electricity by friction. 
The efficiency of the machine is greatly increased by covering tho cushioa 
with an amalgam, or mixture of mercury, tin, and zinc* 

In the ordinary working of the machine, the nibber is connected by a chain 
with the ground, from whence the SJipply of electricity is derived. 

• The best composition of the amalgam is two part**, by weight, of zinc, one of tin, anl 
tUx of mercury. The m3rciiry is added to tho mixture of the zinc and tin when in a f.uld 
state, and the whole \h then shaken in a woolen box until it in cold ; It is then redu«ed to 
» pcwdar, and mixed with a snfRoient quantity of Urd to reduce It to the consistency of 
pastas A thin coating of this pa^ ia spread or?tT the cushion ; bat before tills is done^ all 
'*arts of the machine shoold be carefully cleaned aad warmed. 
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"What is ik^ ^^ receiver of deotKcitf from an ci k t iii c ri mftdiino is 
eo iductor ^ uf caDed the prime conductor. It usrjally oonsists oT a thin liru^i 



iSf^hiy " cylinder, or a brass rod, moouted on a glass pillar, or aomo 

oth<^ uiaokting matenaL 

To put the electrical machine in good order, eTerr part mtst be dij and 
dean, becaoae dik>t or maisturo woukl, by their condiicUng powir, difiuse the 
electric flaid as £ist aa accumulated. As a genend role, it is higlJy esFei.tial 
tliat the atmosphere should be m a dry state when electrical experiments aro 
made, as the comluctiog propeity of moist air prevents the collection of a sn^ 
ficient amount of electricity for the production of striking eflbcts. In t! e 
winter, the experiments sooceed best when performed in the vicinity of a 
firo; and it is advisable to pkue tho apparatus in front of tlic fire for aomo 
tima before it is employed. 

^^ . Electricity is developed by the action of an electrical ma- 

matboi H chiae la essentially the same manner as it is in a simple gkss 
trte? imicbf!^ ^^ ^^ friction. When tho glass cylhider or pkte is turned 
develops eieo- round by the handle, tho friction between the glass and tlio 
*'*^' rubber excites electridiy; positive electricity being developed 

upon the glass, and negative upon tlio rubber. TVlien the points of the prime 
conductor are presented to the revolving glass pla^e or cylinder, the positive 
electricity is immediately transferred to it, and it emits spaiks to any conduct- 
ing substance brought near. The electricity thus abundantly excited is sup- 
plied from the earUi to the nibber (by means of a chain extending to tho 
ground), and tlie rubber is continually having its supply drawn from it by tho 
force called into action by friction with tho glass. That the electricity is do- 
rived from this source is evidant from the fact tliat but a small quantity of 
electricity can be excited when tha metallic connection between tho rubber 
and the ground is removed. For this reason the chain must ahvnys lo 
attached to the rubber when it is desired to develop positive electricity, and 
to the prime conductor when negative cleclricity is required. 

According to tho theory of a single fluid, the excitement of electricity is as 
follows :— the friction of the glass and silk, by disturbing the electrical equl- 
libriiim deprives the rubber of its natural quantity of electricity, and it is 
therefore left in a negative state, unless a fresh quantity be continually drawn 
from the earth to supply its place The surplus quantity is collected on tho 
prime conductor, which thereby bec*omes charged with positive electricity. 
On the hypothesis of two electric fluids, the same frictional action cburcs 
the separation of the vitreous from the resinous electricity in the nilbcr, whiiU 
therefore romains rcsinously charged, unless t'lere be a connection with tliS 
earth to restore the proportion of vitreous electricity of which tho rubber has 
been deprived. 

Yarioua other arrangements have been devised for tho pro- 
boiler* be n^d duction and accumulation of electricity. XTiffh-pressuro stoam 
•■ aj electrical escaping from a steam-boiler carries with it minute particles 
""*^ ^® of water, and the friction of these against the rorfaoo of tho 

Jet from which the steam issues produces electricity in great abundanco. A 
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fltem-boiler, propeilj anaoged and msolatod, therefore oonstitates a most 

poweribl electrical madune; and by means of an i^paratua of this charact^i 

ooDstrucied some time since in Xiondon, flashes of electricitj were caused to 

emanate from the prime condactor more than 22 inches in length. 

749. The Insulating Stool, which is a nsual jj,.^ ,1 < 
TThat ii an In- ^ , . V . . - ^^^- 315. 

, ^ ^.t< i ^ SfeMi? appendage to an electrical macbme, consists of 

a board of baid-baked wood, supported on y^ 
glass legs covered with ▼aroiafa. (See Fig. 316.) It is osefUl for ^= 
in su l atin g any body charged with dectiidty; and. a p«soa 
standing upon audi a atoul, and in communication wiUi a 
prime conduct(H>, will become chaiged with electrictl^. 

Disdiaiging Bods are brass PiG. 316. 

ehargiogBodsr ^^^ terminating with ballsy at 
with points^ fixed to glass handles. 
TTith these rods electricity may be taken from a 
conductor without aUowing the electrical cfaaigo 
to pass through the body of the oponator. llieir 
coDStruction is rqxeseoted in Fig. 31& 

An instrument called the "UniveiBsii 
Dischaiger," used to convey strong 

^•^••^j,^^ - -J^^^ ji* charges of electricity through yarioas 

r^^^^^S'^H l^3« substances, is represented by Fig. 317. 

|> I ^^^i ||5" ^ff^ It consists of two glass standards, 

I AL Ir— ^ through the top of which two metallic 

C — ^ wires sliJe freely; these wires are 

pointed at the end, ^ but have balls 
screwed upon them ; the other ends are furnished with rings. The balls r^i 
on a table of boxwood, into which a slip of ivory, or thick glass, is inUud. 
Sometimes a press, p\ is substituted for the table, between which any sub- 
stance necessary to be pressed, during the diachargo, is held firm. 

"What is an "^^O. An ElectropboroB is a simple appara- 
Etoctroph.ras? ^^ in which a smiJl chai^ of electricity may 
be generated by induction ; and this, communicated suc- 
cessively to an insulated conductor, may produce a charge 
of indefinite amount. 

^^^ ^ It consists of a circular cake of renn (sheD-laeX r, Fig. 318, 

Mtio' of the laid upon a metallic plate ; upon this cake, the surface of which 
has been negativ^ electrified by rubbing it with dry silk or for, 
FkOw 318. >9 idaced a metallic cover, M, somewhat smaller in diam- 

eter, and furnished witii a glass insulatmg handle^ \. 
The negative electricity of the resin, by acting induc- 
tively upon the two electricities combined in the cover, 
separates them— the positive bong attracted to the 
under surfiioe^ and the negative repelled to the upper, 
on tDQchim the covec with the finger, all the aeg^itiva 
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'^ectrieiiy vnSL eacH», and tlie positiTe eiecbidty alone renuunSi ^ich is 
oombiLed with the negative electiidtf of the cake ijf restn, so long as the 
oover is in contact with it. If we now lemore the cover bj its inmila^'ny 
handle, the positiTe electricity^ whidi was before held at the lower part of 
the cover bj the inductive action of the rosin, will become firee^ and may be 
imparted to anyinsolated oondoctor adapted to receive it. The same pro- 
cess may be repeated indefinitely, as the resnioos cake loses none of its elec- 
tricity, bat simply acts by indnction, and tiins an insulated conductor may be 
charged to any extent . 

751. An Electroficope is an instrament em- 
ployed to indicate the presence of free elec- 



What is an 
EleetroaoopeT 



tncity. 



What la the 
eoQBtrucUon of 
an electroscope 7 



It nsnally consists of two light conducting 
bodies freely suspended^ which in their natural 
state hang vertically and iu contact. When 
electricity is imparted to them, they repel each othcr^ and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the ^ pith-ball electrosoope^" 
consists of two pith-balls suspended by silk threads. When an excited body 
is presented, the baUs will be first attracted, bat immediately acquiring the 
same degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Fig. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 
Pia. 319. bodji ^0 two balls being similarly electri* 

fied, will repel each other. C, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold lea^ g /, being substituted 
for the pith-balls. If an excited substance, 
«, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the qnantity, either relatively or absolutely, of 
the electricity in action. 

752. An Electrometer is an instrument fjr 
measuring the quantity of electricity. 
The mo6t shnple fonn of the elsctrometer is represented at A, Fig. 31SL ^^ 




What U an 
Electrometer? 
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eomtsts of a semicirde of Yuniished paper, or Ivoiy, fixed upon a Tertical 
roJ. Ffx>oi the center of the semicircle a light plth-liall is suspended, and 
tlie number of degrees through which the hall is attracted or repeUed by an/ 
tody brouglit in proximity to it» indicates in a degree the active quautUy of 
electricity preteuL No veiy accurate result^ however, can be obtained with 
thi4 apparatus; and for accurate investigation, iustroments of more ingenious 
and compUcatei construction are used. 

The electrometer usually employed for measuring with 
preat accuracy small quautities of electricity^ is that of 
ijuulomb'sy msaally called the Torsion Balance. 

EzpUin the The construction of this instrument 18 as follows : — A needle, 
•oiwtraeiion of or Stick of shell-lsc, tiearing upon one end a gilded pith-ball, is 
23j^****" suspended by a fiber of silk within a glass vessel— the needle 
being so balanced, that it is free to turn boiizontally around 
the pmnt of ftispension in every direction. When the pith-ball is electrified 
by mduction, the repellent force causes the needle to tarn round, and this 
prodnoes a degree of torsion, or twist in the fiber which suspends it ; and the 
tendency of the fiber to untwUt, or return to its original position, measures 
th3 force whicii turns the needle. 
TTitluu the glass vessel, which is cyln- 
drical, a graduated drcle is placed, 
which measures the angle through 
wliich the needle is deflected. In the 
cover of the vessel an aperture is made, 
through which the electrified body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
paratus. Fi^. 320 represents the con- 
struction and appearance of the torsion 
balance. 

By means of the 

torsion balance. 

Coulomb proved 

that the law of 
electrical attraction and re- 
pulsion, as influenced hy dis- 
tance, is the same as the law 
of gravitation ; that is, the force varies inversely as tho 
square of the distance. 

753. Tho Leyden Jar is a glass vessel used 

for the purpose of accumulating electricity de- 
lved from electrically excited suriacesr 



What import- 
ant law of 
cl^etrieity has 
been prov -d by 
the tonic J bju- 
anceP 




What f"^ fi Ley- 
den Jar ^ 
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Erpiain theac ^® principle of the Leyden Jar may j^^^ 32I. 
tio t aid coa- be best explained by describiug wliat ia 
8triicao>oftiie galled the "coatea," or •• tulminatiug 

pane." This consists of a glass plate, Jb 1^. 
321, a, having a square leaf of tin-ibil, 2>, attached to each 
siJe. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tin-foil upon one side, the plaie will 
become charged — the upper side with positivOj and the 
under with negative electricity. 

If two such conductors, as the plates of tin foil attached to 
coSted "'^^ane a pane of glass, be strongly charged with electricity in the 
tA 'iSwK5k^*^^^'^' manner described, and then, by means of the human body, be 

put in communication — which may be done by touching one 
plate with the fingers of ona hand, and the other with the lingers of the other 
hand — the two electric fluids in rushing together, pass through Ae body, and 
produce the phonomsnon known as the electric shock. 

754. The Leyden Jar is constructed upon the same prind- 
Bcr ^wAs ""Jhe P^® *** ^^° coated pane, and its discovtiy, acoc>mpanied withf 
priicipie of the the first experience of tho nervous commotion known as the 
aSd'/lwoiSr^ electric shock, occurred in this way: In 1746, while some 

scientific gentlemen at Leyden, in XloUand, were amusing them* 
selves with electrical experiment^ it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
afiect the tastei Accordingly, having fixed a metallic rod in the cork of ai 
bottle tilled with water, he presented it to the electrical machine for the pur- 
pose of electrifying the water, holding at th3 same time tho bottle in his hand 
by its external surface, without touching the metallic rod by which the elec* 
tricity was conductt d to the water. The water, which is a conductor, re- 
ceived and retained tho electricity, since the glass, a non-conductor, by which, 
it was surrounded, prevented its escape. The presence of free electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove tho rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and. 
received, for the first time, a savere electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Reaumur, he declared that for the whole kiigdom of France bo 
would not repeat the experiment 

The experiment, however, was soon repeated in different parts of Europe, 
and tho apparatus by which it was pi-oduced received a more convenient 
form, the water being replaced by some better conducting substances, aa 
metal filings, for which tin-foil was aflerward substituted. 

The L'v'yden Jar, as usually constructed, con- 
Sn^ultion*^ sists of a glass jar, Fig, 322, haviag a wide 
the Leydw j«. xQQutij^ gj^d, coated, externally and internally', tv 



S84 



WELLS'S NXTtnUL PHILOSOPHT. 



Fia 322. 




within two or three inches of the month, 
or to the line a b, with tin-foiL A wooden 
cover, well varnished, is fitted into the 
mouth of the jar, through which a stout 
brass wire, furnished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coating. 
„ . , A Leyden jar is charged 

Howls a Lej- _ .11 P ii 

den jar ehazy- bv prescntmg the brass ball 

at the end of the rod of the 
jar to a prime conductor of an electrical machine in. 
action, or* to any other excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the g2X)und. 
HowtoaL«sy/ -*■ Lcydcu jar is discharged by effecting a 
^gid? "^ communication between the outer and inner 

surfaces by means of a good conductor. 

I^ when we hare charged the jar, wo hold the extwior coating in one 
hand and touch the knob with the other, a qwu-k is obaenred, and tiie peculiar 
sensation of the electric shock experienced. 

Any number of persons can receive a shock at the same time by forming a 
chain by holding each other's hands— the first person in the circle touching 
the external coating of the jar, and the last the knob. 
*.„. ^ When a Leyden jar is diarged, the electricity resides wholly 

the eieetrtcity on the surface of the glass; the metallic coatmgs having no 
riidff^^^^ other effect than to conduct the electricity to the surfooe of 
the glass, and, when there, afford it a free passage from pomt 

to point. 
The power of a Leyden jar will therefore depend upon its dzo, or oxtont 

of surface. 

As very largo jars are inconvenient and 
expensive, very strong charges of electricity 
are obtained by combining a number of jars 
together. 

A combination of 

What is an -. . 

Electrical Bat- Leydett jars, so ar- 
ranged that they may 
be all charged and discharged 
together, constitutes an Electri- 
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cai Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, and also connecting all their exterior coatings. 

Such aa arrangement is represented by Fig. 323. The discharge of elec- 
tricity from such a combinatiou is accompanied by a loud report ; and when 
the number of the jars is considerable, animals may be killed, metal wires 
be melted, and other effects produced analogous to those of lightning. 

755. By means of an electrical machine and the Leydcn 
mentsiUuSate Jar, many interestmg and amusing electrical experiments 
fnd re^^M^ may be performed. 

force* of dec- The phenomenon of the repulsion of substances smiuarly 
♦'^^^^^ <deotrified, may be illustrated by means of a doll's head cov- 

ered with long hair. When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
give to the head a most exaggerated ap- 
pearance of fright See Fig. 324. 

The same thmg may be shown by plac- 
ing a person on a stool with glass legs, 
so that he be perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor; then on turning the machine, 
the hairs of the head will diverge m all 
directions. 

If a small number of figures ?Te cut 
out in paper, or carved out of pith, and 
an excited glass tube be held a few 
inches above them on a table, the figures 
will immediately commence dancing up and down, assuming a variety of droU 
positions. The experiment can be shown better by means ^^ 325. 
of an electrical machine than with the excited tube, by 
suspending horizontaUy from the prime conductor a metal 
disc a few inches above a flat metal surface connected with 
the earth, on which the figures are placed. On working 
the machme, the figures will dance in a most amusmg 
manner, being alternately attracted and repeUed by each 
plate. See Kg. 325. 

The electrical bells, Pig. 326, which are 
^ 2SJrim«t*f rung by electric attraction and rep^on, 
the electrical are good illustrations of these forces. Whero 
**""' three bells are employed, the two outer 

bells A and B, are suspended by chains, but the central 
one and the two clappers hang from silken strings. The 
middle bell is connected with the earth by a chain or wire. 

11 
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Upon working the machine^ the outer bella become poKtively eloctrided, and 
jw ooft *^0 middle one, which is insulated from tho 

prime conductor, becomes negative by in- 
duction. The little clappers between them 
are alternately attracted and repelled by tho 
J outer and inner bdls, producing a ooustant 
ringing as long as tho machine is in action. 

It was by attaching a set of bells of this 
kind to his lightning-conductor, that Dr. 
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^^ i ^^ i ^^ Franklhi received notice, by their ringing, 
A j^ B of the passage of a thunder-d^ud over his 

apparatua 
Let a skein of linen thread be tied ui a 
knot at each end, and let one end of it be attached to some part of the con- 
ductor of a machine. When the machine is worked the threads will becomo 
electrified, and will repel each other, so that the skein will swell out into a 
form resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and bring the melted 
wax near to the prime conductor of a machme, numerous fine filaments of 
wax will fly to the conductor, and will adhere to it, forming upon it a sort 
of network like wool This is a simple case of electrical attraction. The 
experiment will succeed best if a small piece of wax is attached to tho end 
of a metal rod. 

whateffectha* *^5^' WhcD B cuFTent of clectiicity passes 
^OTiS'uctor?*" through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

What exoert- '^^ mechanical eflfects exerted by electricity in passing 
meatsiiiustrato through imperfect conductors, may bo illustrated by many 
^«""'?;K simple experiments. 

tricity 1 If we transmit a strong charge of electricity through water,' 

the liquid will bo scattered in every direction. 

A rod of wood half an inch thick may be split by a strong charge from a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon tho stand of a universal dis- ' 
charger, and then transmit a charge through it, the electricity, if sufficiently 
strong, will rupture the paper. 

If we hold the flame of a candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, tho current of air caused 
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by the issuing^ of a current of electricity from the pointy will bo BufBcicnt to 
deflect the flamO| and even blow it out 

H'^wdoesdeo. '^^^' '^^^ passagG of electricitj from ono 
K27 ^^^^^^ substance to aaotber is goneniHy attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
Tlie temperature of a good conductor of sufficient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a few 
inches in length, its temperature will be sensibly elevated; if the charge bo 
increased, the wire may be made red hot, and even melted and vaporized. 

The worst conductors of electricity suffer much greater changes of tem- 
perature by the same charge than the best conductors. The charge of eleo- 
liicity which only elevates the temperature of one conductor, will sometimes 
render another red hot, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustibb or explosive substances, which are imi)erfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-rod, it may be ignited by the discharge of a Leyden jar. 

In the same way powdered resin may be inflamed. 

Ether or alcohol may be also fired by passing through it an electric dis- 
charge. Let cold water be poured into a wine glass, and let a thin stratum 
of ether be carefully poured upon it The ether being lighter wiQ float on 
the water. Let a wire or chain connected with the prime conductor of a 
machine be immersed in the water, and, while the machine is in action, pre- 
sent a metallic ball to the surface of the ether. The electric charge will pasa 
from the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches the prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gas- 
pipe from which a current of gas is escaping, the gas Will be ignited. 

By the firiction of the feet upon a dry woolen carpet, sufficient electricity 
may be often excited in tho human body to transmit a spark to a gaS'bumer, 
and thus ignite the gas. 

If we bring a candle with a long snuS^ that has just been extinguished, 
near to a prime conductor, so that the spark passes from tho conductor, 
through the smoko^ to tho candle, it may be relighted. 

iB the eieetrio The clectric fluid is not itself luminous ; but 
iiuidiuminoasf jj.g motion ^y^j imperfdct conductors, or from 
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ono conducting substance to another^ is generally attended 
with an exhibition of li^Iit. 

. The strougest electric charges that can be aocamulated 

regarded M a lu a body will never afford the least appearance of light ao 
g^iJJJ^y ^ long as a stata of electric equilibrium exists, and the electric 
fluids are at rest Light, therefore, must not be regarded as 
a property of deciricity, but as the result of a disturbance occasioned bj 
olectricity. 

The fUr of a cat sparkles when rubbed with the hand in 
fur ^nt a oai cold weather. The reason of this is, that the friction between 
•P*^« ' the hand and the for produces an excitation of negative elec- 

tricity in tlie hand, and positive in the fur, and an interchange of the two 
is accompanied with a spark, or appearance of light 
What i. the Whonthofinger. ^^ 327 

(6r.11 of th« or a brass ball at < 
•locirie tparkf ^.^^ end of a rod, is 

presented to tho prime conductor 

of an electrical machine in action, 

a spark is produced by the passage I 

of tho fluid from the conductor to 

the finger or the metal This 

spark has an irregular zigzag form, resembling, more or less, the appearance 

of lightning, as shown in Fig. 327. 

uponwhntdo«t Tho length of the electric spark will vary 
iiwti^f^^^ 'with the power of the machine. A very 
depend f powerful machine will so charge its prime 

conductor, that sparks may be taken from it at the 
distance of 30 inches. 

„ , Ifthepartofel. ^^'^^^ 

How doM • ^. - r , 
iK»lnt iniiueRM thor of the electn- 

te^T cally excited bod. 
ies which is pre- 
sented to thd other has tha form 
of a point, the electric fluid will 
escape^ not in the form of a spark, 
but as a brush, or pencil of light, 
tho diverging rays of which have sometimes a length of two or three mcbom. 
Fig. 338 represents this appearance. 

A substance parting with electricity generally exhibits an irregular sparic; 
or flash of %ht; while a substance absorbing electricity exhibits a brush or 
glowofli^ht 

What is the The rapiditv of the electric light is marvel- 
2uSwJ".jIrk? ous ; and it has been experimentally shown 
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that the duration of the light of the spark does not 
exceed the one-millionth part of a second.* 

When the cootinaity of » substance conducting electricity is interrapted, a 
flpark will be produced at eveij pK}int where the course of the conductor is 
broken. 

A great Tariety cf beautifol experiments may bo performed to iUustriite 
this principle. Thus^ upon a piece of glass may be placed at a short distance ■ 

from each other any number of bits or 

Fig. 329. pieces of tin-foil, as is represented by 

Fig. 329 ; when the metal at either end 

is connected with the prime conductor 

of an electrical machine, the sparks will 

pass from one piece of tin-foil to the 

other, and form a stream of beautiful 

light. By varying the position of the 

pieces of tin-foil, letters, or any other devices may be exhibited at the pleasure 

of the operator. 

In a like manner, by fasten- 
Fig. 330 ing by means of Jac-vamish a 

spiral line of pieces of tin-foil 




|j[y^^^ ^ ^ ^_^^^ j^ j*"^ ^ ^po" t^® interior of a tube, as 



represented in Fipr. 330, a 
serpentine line cf llro mny be 
made to pass from one end of the tube to the other. 

* The arrangement by which this faet was demonstrated by Mr. 'Wheatstone of En^nd, 
maybe described as follows: — Considerable lengths of copper wire (about half a mile 
being employed), are so arranged, that three small breaks ocear in its continuity— one near 
the outer coating of a Leyden Jar, one near the connection with the inner coating, and 
another exactly in the middle of the wire— so that three sparks are seen at every dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connection; these, by bending the wire, are 
brought close together. Exactly opposite to this was placed a metallic speculum, fixed 
on an axis, and made to revolve parallel to the line of the three sparks. When a spark 
of light is viewed in a rapidly revolving mirror, a long line is seen instead of a point It 
will be obvious that three lines of light will be seen in the revolving mirror every time a 
discharge takes place, and that if the first or the last differ la the smallest portion of time, 
these lines must begin at different points on the speculum. 

When the mirror revolved slowly, the position of the lines was uniform, thus ~ 

but when the velocity was increased, they appeared thus ■ _.".^_ ■ ; those pro- 

duced by the sparks at either end of the wire being constantly coincident, but the spark 
evolved at the break in the middle being slightly behind the other two. From this, it 
appears that the distnrbance commences simnltaneously at either end of a circait, and 
travels toward the middle. This has been adduced in proof of the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond ?8S,000 
miles in a second. It will be evident to any one considering the snl^ect, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
wafl made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to make an arc of about half a degree, and itom. this 
its duration was calculated.— Hunt. 
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Upon what does 758. The intensity of the electric light de- 
theinterauy^ pcnds both upott the density of the accumu- 
ught depeud? lated electricity, and the density and nature of 
the aerial medium through which the spark passes. 

Thus, tho electric light, in condensed air, is yeiy bright, and in a ixirefled 
atmosphere it is faint and diffusive, like the light of the aurora borealis ; in 
carbonic add gas the light is white and intense ; it is red and faint in hydro- 
gen, yellow in steam, and green in ether or alcohol. 

jj I^ by means of an air-pump, the air is cxliausted from a 

anriiraiiightbe long cylindrical tube closed at each end with a metallic cap, 
imitated t ^^^^ ^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small qimntity of air be admitted, luminous flashes will be seen 
to issue from points attached to the caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the interior of the 
tube will become more thin and white, until at last the electricity will cease 
to be diffused through tho column of air, and will appear as a glimmering 
light at tlio two points. 

759. The crackling noise^ or sound which is produced 
hy the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or ^ other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting; 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover their 
portion and organization, a convulsive sensation is felt, the violence of which 
is greater or less according to the force of electricity and the consequent de* 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or even 
death, may ensua 

What are the ^^61. lu the proccsses hitherto described 
r^ts in^lil! electricity has been developed by friction. In 
SJctricirj^?*"* nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Water, In passing into steam by artifidal heat, or in evaporating bj tbe ao> 
tion of tbe sun or wind, generates large quantities of electricity. Tbu crystal* 
lization of solids from liquidfi) all chaDgcs of temperature, the growth and de- 
cay ol vegetables, are also instrumental in producing electrical phenomena. 

Does vital and Keccnt investigcatioDs have shown that vital 
ao"n^xdteei^ action and all muscular movements in man 
**^^' and animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
pleasure considerable quantities of electricity in their system, and of eommu' 
nicaiing it to other animals, or substances. Among these the electrical eel 
and the torpedo are meet remarkable, the former of which can send out a 
cliarge sufficient to knock down and stun a man, or a horse. The electricity 
generated by these animals appears to be the same in character as that pro- 
duced by tho electacal machina 

762. It has of late become the habit with many to regard 
TCasonTTa *aZ electricity as the agent of all phenomena in the natural world, 
«^Wag un- ^jjQ cause of which may not be apparent. For this there is no 
inena°t<f eiecl good reason. Electricity is diffused through all matter, and 
tricity? jg gygp active, and many of its phenomena can not be satisfac- 

torily explamed ; but it is governed, like all other forces of nature, by cer- 
tain fixed laws, and it is by no means a necessary agent in all the operations 
of nature. It therefore argues great ignorance to refer without exammatlon 
every mysterious phenomenon to the influence of electricity. 

SECTION I. 

A.TMOSPHEBIO ELECTRICITY. 

Doeieiectridty 763. Electrfcity is always found in the air, 
^^? **" ^°^ appears to increase in strength and quan- 
tity with the altitude. 
What kind of It is sometimes different in the lower re- 
Sf^i'^ ^ gions from what it is in the upper, being posi- 
SJ^hwlV**" tive in one and negative in the other ; but in 
tho ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sudden variations, rapidly changing from positive 
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to negative, and back again in the space of a few min- 
utes. 

The principal causes which are supposed to 

Wliat Is imp- "i-i.- 'jl 1. I 

pooed to occa. prouuce electricity m the atmosphere are, 
ia the atmo»- cvapoi'atiou fioiu the earth's surface, chemical 
' ^^ changes which take place upon the earth's 

^surface, and the expansion, condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it. 

When a substance is burning, positiye electricity escapes from it into the 
atmosphere, wliile the substance itself becomes negatively electrified. Thus 
the air becomes the receptacle of a vast amount of positive electricity gener- 
ated in this manner. 

i th ^^^^ atmosphere is most highly charged with 
atmosphere electricity when hot weather succeeds a series 
charged wiiL of wct davs, or wct wcathci follows a succes- 
sion of dry days. 

There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis- 
charged from the clouds to the earth, hut sometimes 
from the earth to the clouds. 

Who flrtt es. 764. The identity of lightning and electric- 
w"mj* ^ ity was first estahlished by Dr. Franklin, at 
SSSiSfyr* Philadelphia, in 1752. 

The manner in which this &ct was demonstrated was as fol- 
SST^'^^^Seri- ^^^^ r—Having made a kite of a large silk handkerchief stretch- 
nent ed upon a irame, and placed upon it a pointed iron wire con- 

nected with the string, he raised it upon the approach of 
a thunder-storm. A key was attached to the lower end of the hempen 
string holding the kite, and to this one end of a silk ribbon was tied, 
the other end being fastened to a post The kite was now insulated, 
and the experimenter for a considerable time awaited the result with 
great solicitude. Finally, indications of electricity began to appear on the 
string; and on Franklin presenting his knuckles to the key, he received 
an electric spark. The rain beginning to descend, wet the string, increased 
its conducting power, and vivid sparks in great abundance flashed from 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experiments, similar to those usually perfonned with electrical 
machines. 



Wh7 was this 
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The experiment, as thus performed, was one of great risk 



experiment one and danger, since the whole amount of electricity contained in 

of g ^ • 

gert 



"'r?'"* ^°" the thunder-cloud was liable to pass from it, by means of 



the string, to the earth, notwithstanding the use of the silk 
insulator.* 

, From whatever cause electricity is present in the air, the 

eause of hght- douds appear to collect and retain it ; and when a cloud over- 
'^^ ' charged with ^lectric fluid approaches another which is under- 

charged, the fluid rushes from the former into the latter. In a like manner, 
the fluid may pass from the doui to the earlh, and in such cases elevated 
objects upon the earth's surface, as trees, steeples, etc , appear to govern its 
direction. 
^ , ^ , When a cloud highly charged with electricity is near to the 

Under what , ^, - * 1. l^v - ^ ^ ^ 

circamstanoes earth, the surface of the earth, for a great extent, may aiso 

does Ughtning i>ecome highly charged by induction ; and when the tension 

earth to the of the electricity becomes sufficiently great, or the two elec- 

douds? ^j^Q sur&ces come sufficiently near, a flash of lightning not 

unfrequently passes from the earth to the clouds. In this way sua, equilibrium 

of the two elements is restored. 

Lightning clouds are sometimes greatly elevated abovo the surface of the 

earth, and sometimes actually touch the earth with one of their edges; they 

are, however, rarely discharged in a thunder-storm when they are more than 

700 yards above the sur^e of the earth. 

now man '^^^' ^^S^^^^^S ^^^ ^^^^ divided into three 

wada^of^ht- kinds, viz., zigzag, or chain-lightning, sheet- 
lightning, and ball-lightning. 
Explain the The zigzag, or forked appearance of lightning, is believed to 
Svwseappwir- ^^ occasioned by the resistance of the aur, which diverts the 
ance of light- electric Current from a direct course. The globular form of 
"^ lightning sometimes observed, is not satis&otorily accounted 

for. "What is called "sheet," or "heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible ; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the douds, the amount of electricity developed not being sufficient to 
produce any other effects than the mere flash of light 

766. The usual explanation of thunder is, 

cause of thun- that it is duo to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

* When the experiment was snbseqnently repeated in France, streams of electric fire, 
nine and ten feet in length, and an inch in thickness, darted spontaneously with loud re- 
ports from the end of the string confining the kite. During the succeeding year, Prof. 
Bichman of St Petersburg, in making experiments somewhat similar, and having his 
apparatus entirely insulated, was immediately killed. 

17* 
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a vacuum, and that the air rushing in to fill it produces 
the souud. Every explanation that has yet been offered 
is somewhat unsatisfactory. 

The rolliag of the thunder has been ascribed to the effect of echo, but this 
undoubtedl/ is not the only cause. The rolling of thunder is heard as per- 
fectly at sea as upon land, but there none of the causes which are generally 
supposed to produce echo, as mountain's ^i^B) buildings, etc, etc, are present 
Another, and perhaps the true reason is, that the sound is developed by the 
lightning in passing through the air, and consequently separate sounds' are 
produced at every point through which the lightning passes. 

Thunder-storms prevail most in the torrid zone, and decrease 
der rtoraw in frequency toward either pole. In the arctic regions thunder- 
mostprevafl? storms seldom or never occur. As respects time, they are 
most frequent in the summer months. 

What is called a thunder-storm may he considered to 
he merely an effort of nature to effect an equilibrium of 
forces which have become disturbed* 

* 767. A knowledge of the laws of electricity has enabled 

lightning con- man to protect himself from its destructive influences. Light- 
Jj^'^^*'*'' ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, etc, from observing that electricity could be quietly 
and gradnaUy withdrawn from an excited surface by means of a good con- 
ductor, which was pointed at its extremity. 

What Is * -^s ordinarily constructed, a lightning-con- 
ugfatDiiig.fo4t ductor consists of a metal rod fixed in the 
earth, running up the whole height of a building and ris- 
ing to a point above it. 

V ,. Tlie l>est metal that can be used for a light- 

Iloir Bhonld a , .^ . , j .r i 

lightning-rod Bing-rod IS coppcr ; if iron is used, the rod 
should not be less than three quarters of an 
inch in diameter. When only ono rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its wholo 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build-> 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It oaght also to extend so far below the surface of the ground as to reach 
water, or earth that is permanently damp. It is, moreover, a good plaji to 
bury the end of tho lightning-rod in powdered charcoal, since tliis pre- 
serves la a measure the iron from rust^ and facilitates the passage of the 
electricity. 

A building will be most perfectly protected when the lightning-conductor 
has several branches, with pointed rods projecting freely in the air from dis- 
tant summits of the building, and connected with the main rod. 

Professor Furaday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon tho outside. 

What space -^ lightuing-conductor of sufficient size is 
Si J^5?*^' helieved to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect tho building 
for (at least) eight feet all round. 

__ A lightning-conductor may be productive of harm in two 

wnen mar a ._ ,,,,- ,. ,, ■% ^ • ^ • ^ 

lightning-rod ways ; if the rod be broken or disconnected, the electnc fluid, 

oll^m?^^ being obstructed in its passage, may enter tho building; and 
if tho rod be not large enough to conduct the whole current 
to the earth, the lightning will fuse the metal and enter the building. 

A lightning-conductor protects a building oven when no visible discharge 
takes place, by attracting the electricity of an approaching doud, and caus- 
ing it to pass off silently and quietly into the earth. This process commences 
as soon as the doud has approached a position vtrtically over the rod. 
,^^^ 7G8. As regards safety in a thunder-storm, it is prudent, if 

are safe and out of doors, to avoid trees and elevated objects of every 
ou8*ia t^than- ^^^ which the lightiimg would be likely to strike in its pas- 
der-etormf sago to the earth. A stream of water, being a good conduc- 

ductor, should bo avoided. 
. If within doors, the middle of a carpeted room is tolerably safe, provided 
there is no lamp hanging from tho ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove a3 
for as possible frpm metals, mirrors, and gilt artides. Tho safest position that' 
can be occupied is to lie, upon a bed in the middle of a room — ^feathers and 
hair being excellent non-conductors. In all cases, the position of safety is 
that in which the body can nofassist as a conductor to the lightmng. The' 
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position of sarrounding bodies must therefore be attended to^ whether a per- 
son be msulated or not 

The apprehension aud solicitude respecting lightning are proportionate to 
the magnitude of the eviis it produces, rattier than the frequency of its occur- 
rence. The chances of an individual beliig killed by lightning are infinitely 
less than those which he encoimters in his daily walks, in his occupation, or 
even during his sleep from the destruction of the house in which he lodges by' 
fire. 

H'w are the ^^69, The mechanical power cxerted bj light- 
Lto "^tehtT ^^0? i^ enormous and difficult to account for. 
vin^B^nauA AfEgo supposcd that the heat of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical effects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electiic fluid which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

What is the "^^O. The phenomenon of the aurora borealis 
S?S*i'reiiSr is supposed to be due to the passage of electric 
currents through the higher regions of the 
atmosphere— the different colors manifested being pro- 
duced by the passage of the electricity through air of dif- 
ferent densities, 

-Where dopsthe Ii^ tho northcm hemisphere the aurora al- 
auroraappearf ^^^g appears in the north, but in the south- 
em hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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Been in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is uot a local phenomenon, but is seen simultaneouslj at places 
widely remote from each other, aa ui Europe and America. 

The general height of the aurora is supposed to be between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the clou>.is. 

Auroras occur more frequently in the winter than in the summer, and are 
c ly seen at night. They affeet in a peculiar manner the magnetic needle 
a^d the electric telegraph, and aa the disturbances occasioned in these in- 
struments are noticed by day as well as by night, there can be no doubt of the 
occurre*ice of the aurora at all hours. The mtense light of the sun, however, 
renders the auroral light invisible during the day. 

Fig. 331. 




The accompanying figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
beard attending the phenomena of the aurora, like the rustling of silk, or tho 
sound and crackling of a fire. On this point, however, there is great differ- 
ence of opinion. 

Auroras appear to be subject to some variation in their appearance, extend- 
ing through a circle of years. Tlius, from 1705 to 1752, tho northern lights 
became more and more frequent, but after that for a period they wero seen but 
rarely. Since 1820 they have been quite frequent and brilliant 

* In the arctic and antarctic circles, when the sun is absent, the aarora appears with a 

magnificence unknown in other r^ons, and affords li^ht sufficient for many of *>' *' 

nary oat-door employments. 
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CHAPTEB XVI. 

GALVANISM. 

771. Electricitt excited or produced by' 
5dt f ^^ *^® chemical action of two or more dissimilar 
substances upon each other is termed Gal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called Galvanism. 

wimt simple The most simple method of illustrating the 
iSSSr^thi production of galvanic electricity is by placing 
^JSHS**" i^ a piece of silver (as a coin) on the tongue, and 
tridty? a piece of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, bat 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
f >e two metals touch each other. The saliva of the tonp^ie acts chemicallj 
upon, or oxydizes a portion of the zino^ which excites electricity, for no chem- 
ical action ever takes place without producing electricity. Upon bringing 
the ends of the two metals together, a slight current. passes from one to the 
other. 

If a living fish, or a frog, having a small piece of tin foil on its back, be 
placed upon a piece of zinc, spasms of the muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foiL 

whenMdhotr The productiou of electricity by the chemi- 
Sectri5^'^d2J cal action of two metals when brought in con- 
corered? ^g^^^ ^^^g ^^^ Doticcd by Galvaui, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the subject in the following manner: — ^Hav- 
ing occasion to dissect several frogs, he hung up their hind legs on somo cop- 
per hooks, until he might find it necessary to use them for illustration, In 
this manner he happened to suspend a number of the copper hooks on an 
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inm balcony, when, to his great astonishment, the limbs were thrown into 
violent oonrulsions. On investigating the phenomenon, he found that the 
mere contact of dissimilar metals with tlie moist surfaces of the muscles and 
nerves^ was all that was necessary to produce the convulsions. 

Fig. 3a2. 




This shigular action of electricity, first noticed by Galvani, may be experi- 
mentally exhibited without dlCBculty. Fig. 332 represents the extremities 
of a frog, with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we now take two thin 
pieces of copper and zinc, Z, and place one under the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner too 
singular to describe. If the wire is kept closely in contact, these phenonnena 
are of momentary duration, but are renewed every time the contact is made 
and broken. 

Galvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed from the nerves to the mus- 
cles, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leydcn 
jar. He therefore called the supposed fluid animal electricity. 



To whai did 
Galrani attri- 
bute these phe> 
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What wag de- "^® experimcnta of Galvani were repeated by Volta, en 
tennl ed I)/ eminent Italian pliilosopher, wlio found that no electrical or 
Volte r nervous excitement took place unless a communication be- 

tween the muscles and the nerves was made by two different metals, as cop« 
per and iron, or copper and zinc. He considered that electricity was produced 
by simple contact of the dissimilar metals, positive electricity being evolved from 
the one and negative electricity from the other. 

What !• the The true cause of electrical excitement occa- 
liISridSTde- sioned by the contact of dissimilar metals is 
teW*'Jiflfo?I now fully ascertained to be chemical ao- 
entmetaiir ^Jqq . ^nd rcccut reseaiches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
How docs Ml- 772. Galvanic electricity, or the electricity 
Sim* ordfnaS? devclopcd by chemical action, differs from fric- 
eiectricityf tional, or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galvanic 
electricity is as follows : 

Any two metals, or more generally, any two 
fonJathe^basiB different bodies which are conductors of elec- 
of ^gairlSiic tricity, when placed in contact, develop elec- 
eiectricitr f tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 

In £ceneral, that metal which is acted upon 

What are elec- °., .' ,, ,. ... *, 

tro-positive most casily IS termed the electro-positive metal^ 
Degatire ^ oT element ; and the other the electro-nega- 
^^ tive metal, or element. 

The electrical force or power generated in this way is 
called the electro-motive force. 
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773. Diflferent bodies placed in contact manifest differ- 
ent ^lectro-motive forces, or develop different quantities 
of electricity. 



How may bod- 
ies capable of 
exciting elec- 
tro-motive 
forces be classi- 
fied? 



What is the 
practical meth- 
od of exciting 
g^vanic elec- 
tricity IT 



Bodies capable of dereloping electricity by contact may be 
arraDged in a series in such a manner that any one placed in 
contact with another holding a lower place in the series, will 
receive the positive fluid, and the lower one the negative fluid ; 
and the more remote they stand from each other in the order 
of the series, the more decidedly will the electricity be developed by their 
contact 

The most common substances used for exciting galvanic electricity may be 
arranged in such a series as follows : — zinc, lead, tin, antimony, iron, brass, 
copper, silver, gold, platinum, black lead or graphite, and charcoal. 

Thus, zinc and lead, when brought in contact, will produce electricity, but 
it wiU be much less active than that produced by the union of zinc and iron, 
or the same metal and copper, and the last less active than zinc and platmum 
or zinc and charcoal. 

774. In the production of galvanic electricity for practical 
purposes, it is necessary to have a combmation of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, whfle the third may be either solid or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, whUe it has no action, or a different action upon the 
other. A communication is then formed between the two plates. 

whatisaoai- When two metals capable of exciting elec- 
vanic Circuit F ^rfcity are 80 arranged and connected that the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

De«.ribe.sim- ^ ^^^ «^"°P^^' ^^ 
pie OalTaoie at the same time an ac- 
Battery. ^^^ galvanic circuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. C and Z are thin 
plates of copper and zinc immersed in a 
glass vessel containing a very weak so- 
lution of sulphuric acid and water. 
Metalhc contact can be made between \ 
the plates by wires, X and "W, which 
are soldered to them. If now the wires 
are connected, as at Y, a galvanic cir- 
cuit will be formed ; positive electricity 
passing from thu zmc through the liq- 



Fio. 333. 
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md, to the copper, and from the copper along the condocting-wires to the 
zinc, as indicated by the arrows in tho figure. A current of negative eieo- 
tricitjr at the same time traverses the circuit also, from tho copper to the 
Einc, in a direction precisely reversed. 
Such an arrangement is called a simple galvanic battery. 

Tvhat are the The two metals forming the elements of tho 
?2lSbItte^f" battery are generally connected by copper 
wires ; the ends of these wires, or the terminal 
poin ta of any other connecting medium used, arc called the 
poles of the battery. 

Thus, when zinc and copper plates aro used, tho end of tho wire conveying 
positive electricity from the copper would be the positive pole, and the end of 
the wire conveying negative electricity from tho zinc plate would be the 
negative pole. Faraday describes the poles of the battery as the doors by 
which electricity enters into or passes out of the substance suffering decom- 
position, and in accordance with this view he has given to the positive pole 
tho name of aitocfe^ or ascending way, and to the negative pole Uie name of 
caiJiod^ or descending way.. 

At what pMnt The manifestations of electricity will be most 
£f *de^iSt^ apparent at that point of the circuit where the 
JS^tedf two currents of positive and negative electricity 
meet. 

When is a dr- ^^©^^ the two Wires connecting the metal phites of a bat* 
cult fodd to be tery are brought in contact, the galvanic circuit is said to bo 
cioMd f closed. No sign of electrical excitement is then visible ; tho 

action, neverthele^ continues. The opposite electricities collected at tho 
poles, in particular, neutralize each other perfectly on meeting ; every traoo 
of electricity must therefore vaniflh, as when a Leyden jar is discharged, if a 
fresh quantity were not contmually produced by the pairs of plates. If tho 
wires which conduct the two electricities be slightly disconnected, a spark 
will be observed at the point of interruption. 

E lai the ^° **^® formation of a galvanic circuit, by tho employment 

theory of the of two metals and a liquid, the chemical action which gives 
^Tvani^^ ®^ rise to the electricity takes place through a decomposition of 
tricity. the liquid. It is, therefore^ essential to tho formation of an, 

active galvanic oircuit, that the liquid employed should be ca- 
pable of being decomposed. Water is roost conveniently applicable for this 
purpose. When a plate of zinc and copper aro immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zinc. The 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of etoct ri city to the liquid, becomes negatively electrified. Tho 
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copper attracting the same eteetricitj from tho liquid, becomes positively 
eleetrtfiedj ; at the same time the hydrogen, wliich ia the other element of 
the water, is also attracted to the copper, and appears in minute bubbles upon 
its surface. If the two metal plates be now connected with metallic wires, 
positive electricity will flow from the copper and negative electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

"With water alone and two metals, the quantity of electricity exated is very 
small, but by the addition of a small quantity of some acid, the excitement is 
greatly increased. 

Wb t is th Although two metal {^tes are employed in the arrangement 

nccesdtyof two described, only one of them is actii^e in the excitement of cleo^ 
Twri* d" * ^? tricity, the other plate saving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately laiger surface is ex- 
posed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very hard material obtauied from tho mi 
tenor of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal* 
vanic circuit A current may be obtained irom one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

How ma 1 '^'^•^* ^^^ clectiicity devclopcd by a simple 
▼anicactioabi galvaiiic citcuit, whether it be composed of 
two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations, 

• The terms " electric fluid'* and " electric current," which are frequently employed in 
describing electrical phenomena, are calculated to mislead the student into the supped* 
tion that electricity is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should be understood, are fonnded merely on an assumed analogy 
of the electric force to fluid bodies. The nature of that force is unknown, and whether its 
transmission be in the form of a current, or by ylbratioos, or by aay other means, Is u > 
determined. 

In a discussion which took pbco some years since at a meeting of the British Associa- 
tion for tho Advancement of Science, respecting the nature of electricity. Professor Fara- 
day expressed his opinion ns follows : — ** There was a time when I thought I knew some- 
thing about the matter ; but the longer I lire, and the more earefnlly I study the subject, 
the more conrlnced 1 am of my total ignorance of the nature of electricity.** 

" After such an avowal as this," says Mr. BakewsU, "from the most eminent electrician 
of the age, it is almost useless to say that any terms which seem to designate the form of 
electricity are merely to be cooaldered as conyeoieut conventional expreastons.** 
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The first ftttempt to increaw Fio. 334 

the power of a gaiyauic drcuit 

bj increasing the number of 
the combinations, was made by Yoita. He 
oonstracted a pile of dne and copper plates 
with a moistened cloth interposed between 
each. He commenced with a zinc plate, upon 
which he placed a copper plate of the same 
size, and on that a circular piece of cloth pre- 
yiouslj soaked in water slightly acidulated. 
On the cloth was laid another plate of zinc, 
then copper, and again doth, and so on in suc- 
cession, untd a pile of fifty series of alternate 
metal plates and moistened cloths was formed, 
the terminal plate of the series at one end being 
copper and at the other end zinc. A. metallic 
wire attached to the highest copper plate will 
oonstituto the positive pole, and another to the lowest zinc plate tlie negative 
pole of such a series. 

Fig. 334 represents Yolta^s arrangement of metal plates and wet cloths^ 
with the metallic wires^ which constitute the poles. 

Sttch combinations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Galvanic Batteries, 

As two different metals and an interposing liquid are generally employed 
(or this purpose, it has been usual to call these combinations pairs or elements; 
so that the battery is said to consist of so many pairs or elements, each pair 
or element consistiag of two metals and a liquid. 

776. Voltaic piles or batteries have 
been composed and constructed in 
a great variety of forms, by combin- 
ing together in a series various sub- 
stances which excite electricity when 
acted upon chemically. 

Thus, they have been constructed entirely of veg- 
etable substances, without resorting to the us3 of 
any metal, by placing disss of beet-root and walnut- 
wood in contact With such a pile, and a leaf of 
grass as a conductor, convulsions in the muscles of a 
dead fix)g are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

^ ^^ „ A perfectly dry voltaic pile, known 

Describe Zam- /i_ -^ • ^ „,.,«., 

boiii'B Hie. "^°* 1*3 mventor as Zambom s Pile, 

may be formed of sheets of gilded 

paper and sheet zina If several thousands of these 
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be packed together in a glass tubOi so that their similar metallic Cices shall 
all look the same way, and be pres&ed tightly together at each end by metallic 
plates, it will be found that one extremity of the pile is positive and the 
otiier negative. Such a series will last more than twenty years, but it re* 
quires as many as 10,000 pairs to afford sparkd visible in daylight, and to 
charge the Leyden jar. 

Vig, 335 represents a pair of tlieso piles, so arranged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light penduluni| 
vibrating on an axis and insulated on a glass pillar. This pendulum is alter- 
nately attracted to one and then to the other, and thus rings two little bells 
connected with the positive and negative poles. 

The galvanic batteries in practical use at the present time diflfcr consider- 
ably in form and efficiency, but the principle of construction in all is the same 
as that of the original voltaic pile. 

«._,,- x». A very effective Fia. 33G. 

Describe the "^ ^ , 

trough battery, arrangement known 

. as the trough bat- 
tery, is represented in Fig. 336. 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected with 
one another by metallic wires, in 
such a way that every copper plate 
is connected with the sdnc plate of 
the next cell The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electricity is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of tliirty-two square inches. 
Now, however, by improved arrangements, wo can produce with ten or 
twenty pairs of plates, effects every way superior. 

Fig. 337. 
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In other and more efficient oomponnd galyanic circaits, the ezdtUig Uqaid 
18 placed in a seriea of separate cope, or glaasea, arranged in a circle, or b 
parullel lines. Each cup contains one zinc and one copper plate, not imme 
diately in connection with eadi other, but every zinc pkte of one cup is con 
nected with the copper pkte of the preceding, by a copper band, or wire. 
Tiius arrangement is represented in Fig. 337, tlie copper plate, and the direo 
tion of Uie positive current being indicated by the sign -f , and the zmc plata 
and tlie durection of the negative current by the sign — , 

The simplest form of galvanic battery at present used ia 
that Invented by Mr. Smee, and known as Smee^s battery 
(See Fig. 338.) It consistd of a plate of silver coated with 



Dowribe Smee'k 
•tterj. 



FlO. 338. 




Pig. 339. 



platinum, suspended between two plates of zinc^ z z, the sur- 
laces of which last liave been coated with mercury, or amal- 
gamated, as it is called.* The three are attached to a wooden 
bar, which serves to support the whole in a tumbler, G, par- 
tially filled with a weak solution of sulphuric acid and water. 
The wires, or poles for directmg the current of electricity are 
connected with the zinc and platinum plates by small screw- 
cups, S and A. 

WhAt iM thtt Another form of battery, caUed the sulphate 
sulphate ofoop- of copper battery, from the fact that a solution 
per battery f ^f sulphate of copper (blue vitriol) is used as 
the exdUng liquid, is represented by Fig. 339. It consists of two ooncentrio 
cylinders of copper tightly soldered to a copper bottom, 
and a zinc cylinder, Z, fitting in between them. The 
zinc cylinder, when let down into the solution, is pre- 
vented &om touchmg the copper by means of three 
pieces of wood or ivory, shown in the figure. Two 
screw-cups for holding the connecting wires are at- 
tached, one to the outer copper cylinder, and the other 
to the zinc. 

The prindpal imperfection of the gal- 
vanic battery is the want of uniformity 
in its action. In all the various forms 
the strength of the electric current ex- 
dtcd continually diminishes from the moment the battery 
action commences. In the sulphate of copper battery, espedally, the power 
is reduced to ahnost nothmg in a comparatively brief space of time. This is 
is chiefly owing to the cuxmmstance that the metallic plates soon become 
coated witli the products of the chemical decomposition, the result of the 
chemical action, whereby the electridty is developed. 

This dllficulty is obviated, in a great degree, by the use of a diaphragm, or 
porous partition, between the two metallic plates, which allows a finee contact 

* It la found fhat by coating the sine with mercury, the vaste of the sine is greatly 
dlminLshed. It is not well understood in what way the mercury contributes to this eflect. 
We have a parallel to It In the rubber of the electrical machine, which, when coated with 
^ amalgam «f cine and tin, acti with greater elficienqr than voder any other eiroum 
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of the liquid on each aide, within its pores, but prevents the solid products 
of decomposition fi'om passing from one plate to the other. 
Describe Dan- I^a^iers constant battery, constructed according to this 
iei*8 constant principle, and represented in Pig. 340, main^ins an efi'ective 
battery. galvanic action longer 

than any other ; a is a hollow cylinder 
of copper; z, a solid rod of amalgam- 
ated zinc; and e, a porous tube of 
earthenware separating the twa 
Diluted sulphuric is placed in the 
poroui tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

Wh.t 1. tb. Onoofthomorteffl. 
coniitruction of cient battenes is that 
^Y* »»*■ known as Grove's bat- 
tery, from its inventor, and is the form generally used for 
telegraphing and for other purposes in which powerful galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a free circulation of 
the liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platinum fastened to the end of a zuo 
arm projecting from the adjoining zinc cylinder. The porous cup containing 
the platinum is filled with strong nitric acid, and the outer vessel containing 

the zmc with weak sulphuric 
PiO. 341. acid. Fig. 341 represents a 

series of these cups, arranged 
to form a compound circuit, 
with their terminal poles, P 
and Z. This form of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ac- 
tion. 

whatisthedis- 777. The electricity evolved by a single gal* 
ter^'ori^^^ISte vanic circle is great in quantity, but weak in 
electricity? intensity. 

These two qualities may be compared to heat of different temperatures. A 
gallon of water at a temperature of 100^ has a greater quantity of heat than a 
pint at 200^ ; but the heat of the latter is more intense than that of the former. 

Whatisthedis- The electricity, on the contrary, produced 
te/2rfrittoSS ^y friction, or that of the electrical machine, 
eiectridtyf jg small iu quantity, but of high tension, ox 
intensity. 
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luostrate tb« Wcponal elcctfici^ ia capable of passing for a considerable 
diffBrenous b«- distance through or over a non-conducting or insulating sub- 
Jj^JJJlJJjJ^^' stance, which galvanic electricitj can not do. Thus, the spark 
from a prime conductor will leap toward a conducting sub- 
Etanoe for some distance through the air, which is a non-conductor; but if a 
current of galvanic clectrici^ is resisted by the slightest insulation, or the in* 
tcTposition of some non-conductiug substance, the action at once stops. Gal* 
vanic electricity will traverse a circuit of 2,000 miles of wire, rather than make 
a short drcait by overieaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will force a 
passage across a considerable interval, in preference to taking a long circuit 
through a conducting wire^ or at least the greater portion of it will pass 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight diemical or heating effects ; gal- 
vanic electricity produces very powerful effects. 

A proper and simple arrangement of a zinc plate and a little addulated 
water, will jroduce as much electricity in three seconds of time as a Leyden 
Jar battery charged with thirty turns of a large and powerful plate electrical 
machine in perfect action. The shock received by transmitting this quantity 
f^ galvanic electricity through the annual system would be hardly perceptible^ 
but received from a Leyden jar, would be highly dangerous, and perhaps 
fatal A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above n>- 
forred to, would be required to supply electricity sufficient to accomplish the 
same result Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful flash of lightnmg. 

rpomrhRtdod The quantity of electricity excited in a gal- 
^nte'SiSSS: vanic circuit is directly proportional to the 
<7 depend? amouut of chcmical action that takes place- 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

nence, gigantic pkites have been constructed for the purpose of obtaining 
an immense quantity. 

The intensity of the electricity evolved de- 
i!iteD8it7 de- pends upon the number of plates, and is great* 
^^ est when the voltaic pile is made up of a great 

number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
shock, and other indications of a strong charge, would be greater if it were 
cut up mto many small circles, than if it formed a few large ones. But tho 
actual quantity of excitement would be greatest with the laige plates. 
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How may toi- 778. When the wire from oog end of a vol- 
^ter^p^J^ taic battery is connected with the wire from 
renewed? ^j^^ opppsitc end, voltaic action instantly com- 
mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 
wi»t are the ^^^' ^^^ ™^* Ordinary effects produced by 
S^tB*5"^ the developed electricity of a large* galvanic 
Tanic cieetriei. battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 
^^ , Heat is evolved whenever a ealvanic cur- 

Whendoesgal- _ , , ,® , 

▼ante eiectrici- rcut passcs ovcr a conductmg body, the amount 
of which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
reot 

The metala ^fier greatly in their conducting power. Thos, if wo link 
together pieces of copper, iron, silver, and platinum wire^ and pass a galvanic 
current along them, thej will be found to be unequally heated, the platinum 
being the most^ and the copper the least. 

The easiest method of showing by experiment the heating 
£ating**^fectB power of the galvanic current is to connnect the poles of a 
of galvanic battery by means of a fine platinum wire. If the wire is very 
UiuBtrated? ^S ^^ i^^y become hot; shorten it to a certain extent, and 
it wfll become red-hot; shorten it still more, and it will be* 
come white-hot, and finally melt If such a wire is carried through a smaU 
quantity of salt water on a watch-glass, the liquid will boU; if through alco« 
hoi, ether, or phosphorus, they will be inflamed ; if through gunpowder, it wiU 
be exploded. 

What nmdieai ^^ powcr has been applied to the purpose of firing blasts, 
application haa or mines of gunpowder, an operation which may bo effected 
SST wer? *' ^^^ ^^^ facility under water. The process is as follows :— 
The wires from a sufficiently powerful battery are connected 
by a piece of fine platinum wire, which is placed in a mass of gunpowder con- 
tained in a cavity of a rock, or inclosed in a vessel beneath the sur&oe of 
water. The wire may be of any length, but the moment oonneotion is bum^ 

18 
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with the battoy ^ carrent pasaesi renders tbe pbtinqm red-hot, and ex« 
plodes the the powder.* 

The greatest artificial' heat man has yet succeedod in pro- 
gtZtStuii^ dncing has been through the ageney ef the galvanic batteiy. 
«W[ heat b« jyi tiio metals, including platinum, which can not be fused 
' ° bj any fucnace heat, are readily melted. Gold bums with a 

blueish light, silvei* with a bright green flame, and the combustion of the 
other metals is always accompanied with brilliant resulte. All the earthy 
minerals may be hquefied by being placed between the poles cf a suflBciently 
Lrge battery. Sapphire, quartz, slate^ and lime, are readily melted ; and 
the diamond itself fuses, boils, and becomes oonverted into coaL 
R<nr are tift 780. The lummouB cffects of tho galvanic 
fSSi^'of ttfi battery are no less remarkable than its beating 
SSriSSaifwtl effects- A very small voltaic arrangement is 
^^^ sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly together, a bright spark will pass from one 
to the other, and this takes place even under water, or ia 
a vacuum. 

How may the Tho most splcudid artificial light known ia 
Stfflciai^Uffht produced by fixing pieces of pointed charcoal 
iM produced? ^ ^Y^Q -wires connected with opposite poles gf a 
powerful galvanic battery, and bringing them within a short 
distance of each other. The space between the points is • 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electnc light, diflbra from 
Seotrio^^light ^ <)ther forms of artificial light, inaamnch as it is independent 
difler ftrom all of ordinary combustion. The charcoal points appear to suffer 
other artifldal , '' j .. ,. t_^ . ,i x_. I \, -n- i. • 

lighted &0 change, and the hght is equally strong and brilliant m a 

vacuum, and in such gases as do not contain azygen^ where 

\ 

* In the eourae of the constraetion of a railway recently in England, it became neees-' 
cary to detach a large mass of rock from a cliff on the sea-coast ia order to avoid the ex- 
pense of a longtunnd. To hare done this by the direct appUeation of human labor and 
the ordinary operations of blasting, would have been attended with an Immenfle expendi- 
ture of time and money. It was accordingly resolred to blow it up idth gunpowder. 
Ignited by thegalvaaie battery. Nine tons of powdn* were accordingly deponted in cham- 
bers at from 50 to 73 feet from the face of the cliff, and fired by a condneting wire eoanectcd 
with a powerful battery, placed at 1,00f) feet from the mine. The explosion detached 
000,000 tons* weight of chalk from the clifC It was proved that thU nii^ht have been 
equally effected at the dlstasee of 8,000 feet This bold ezpexlmeiit saTed «lghi moaths* 
tabor «ad $50,000 ezpraie. 
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«21 other artificial lights would b? extinguished. It may eron be produce^ 
undor water. To excite the electricity^ however, which occusioos thia light, 
zinc or aome other in« tal must b3 oxydtzed, or what is tha same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial light. 

The effects of the galvanic hattery upon the 
phy^ioio^cad nerves and musclea of the animal system are 
v^c'aeotriol of the samc character as those produced by 
^-^^ ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a slight contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and tlie wire is broken and renewed. The concussion of the nerves of 
the body is, therefore, producsd by the entrance and exit of the currents of 
electricity ; for they evidently must pa^ through the body the moment it forms 
the connecting link between the two poles. 

By a particular arrangement, the circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body ; the latter being thus exposed to a 
series of shocks which are considered particularly adapted for the euro of 
diseases arising from the injury or derangement of the nervous system. It is, 
moreover, a highly valuable remedy in cases of suffocation, drownmg, paraly- 
sLs, etc. , and numerous arrangements have been at various times proposed 
for the construction of medico-galvanic machines. 

Theeflfects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead fro^ that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
diaracter were made some years since upon the body of a man recently 
execut>3d for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On applying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are d3scribed to have moved with fearf jl activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
ance. 

781. Galvanic electricity is a powerful agent in effecting chemical decomo 
positbns, and in its application to such purposes, it is most practically useful 

Can gBiranie Whcu a Current of galvanic electricity is 
fJS'^ditmM m^de to pass through a compound conducting 
decompositioiip substauce, its tendency is to decompose and 
separate it into its constituent parts. 
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mow nmy ir»- "^^ water is composed of two gases, oxygen and hydro- 
fter be deeoa- gen united together. When the wires connecting the poles 
^' of a galyanio battery are placed in water, and a sttfficiently 

ttrong corrent made to pass through them, the water is decomposed, the 
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What Is tL3 
theory of the 
decomposing 
action of gal^ 
Tanie elee- 
tridtf? 



hydrogen being given out at the negative pole of the 
Imttory, and the oxygen at the positive pole. Fig. 
342 represents a form of apparatus by which this 
experiment can be performed in a very satisfitctoiy 
manner. It consists of two tubes, O and H, sup- 
ported vertically in a small reservoir of water, 
and two slips of platinum, p p, which can be con- 
nected with the poles of a voltaic battery, passing 
in at the open end of the tubes. When communi- 
cation is effected between the platinnm slips and a 
battery in action, gas rapidly rises in each tube and 
collects in the upper part In that tube which is in 
connection with the positive pole of the battery oxygen accumulates, and in 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the former gas, since water contams by volnmo 
twice as much hydrogen as it does oxygen. 

The explanation of this phenomenon may be briefly given 
as follows :— All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In the 
case of water, hydrogen is the electro-positive element and 
oxygen the electro-negative element. It has been already 
shown that bodies in (^posite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are immersed in water, the nega- 
tive pole will attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive force of the two electricities generated by the bat- 
tery is greater than the attractive force wliich unites the two elements, oxygen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances may be decomposed, by em- 
ploying a greater or less amount of electricity. In tins way Sir Humphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were not 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen.. i 

T82. Recent experiments have shown that the electricity 
which decomposes, and that which is evolved by the deoom- 
positjon of a certam quantity of matter, are alike. Thus, water 
is composed of oxygen and hydrogen; now, if the electrical 
power which holds a grain of water in combination, or which 
causes a grain of oxygen and hydrogen to unite in the right proportions 
to form water, could be collected and thrown into a voltaic current, it 
would be exactly the quantity reqmred to produce the decomposition 
of a graui of water or the liberation of its ' elements, oxygen and hy- 
drogen. 
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wh»t is aB ''^SS. For convenience in certain experi- 
mcctrodef ments, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, whicli are called 
Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode, 

Platinam is used for the reason, that in emplojing the battery for effecting 
decompositions, it is frequently necessary to immerse the ends of the con- 
ducting wires in corrosive liquids, and this metal generally is not affected by 
thenL 

What is Eiec 784. Electro-metallurgy, or electrotyping, is 
tro-meuuargyf ^j^^ ^p^ ^j proccss of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.* 
Upon what is The proccss is based on the fact, that when 
ge^^^proeeM a galvauic current is passed through a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyd of copper), decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole ; while the 
oxvgen or other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to the 
negatiye pole of a battery, and placed in a solution of copper opposite to the 
positive pole, will be covered with a coating of copper; if the solution con- 
tains gold or silver instead of copper, the substance wUl be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of g(dd thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 

The usual arrangement for conducting the electrotype process is represented 

* Tha general name of dectro-metaUargy incladea all the rarians proeesaes and reRnlti 
whieli different Inrenton and mannCaeturen have designated as galvano-plastie, electro- 
plaette, galTano-type, eleetro-typing, and electro-pUting and gilding. 
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by Fig. 343. It consists of a trough of wood, or an earthen Tessel, oontaiBh^ 
the solution, the decomposition of which is desired — for example, sulphate of 
copper. Two wires, one connected witli the positive, and tlie other with the 
negative pole of a battdiy, Q. are extended along the top of the trough, aad 
supported on rods of dry wood, B and D. The medal, or other article to be 
coated, ts attached to the negative wire, and a plate of metallic copper to the 
positive wire. When both of these are immersed in the liquid, the action 
commences — ^the sulphate of copper is decomposed — ^the copper being de- 
posited on the medal, and the liberated oxygen on tho copper plate. As the 
withdrawal of the metal fix)m the solution go3s on, the copper phite attached 
to the positive pde undergoes corrosion by the sulphuric acid which is liber- 
ated and attracted to it, and sulphate of copper is formed. This, dissolving in 
the liquid, maintains it at a constant strength. When the operator judges 
that the deposit on the medal is sufficiently thick, he removes it fi*om the 
trough, and detaches the coating. The deposit is prevented from adhering to 
the modal by rubbing its surface in the first Instance with oil, or black-lead, 
and if it is desh^ that any part of the sur&ce should be left unooated, that 
portion is covered with wax, or some other nonHwaduOor. 

FiO.343. 




In this way a most perfect reversed copy of the medal is obtained, — that ifl^ 
the elevations and depressions of the original are reversed in the copy. To 
obtain h Ikc-simile of the original, the electrotype cast is subjected to a repe- 
tition of the procesa 

In general, it is found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The surface of this cast is then brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it. The deposit obtained will then exactly resemble the original ob- 
ject 

The pages and engravings in the book before the reader are illustrations of 
the perfection and practical application of the electrotype process. The en- 
gravinp9 were first cut upon wood-blocks, and then, with the ordinary type^ 
finrned into pages. Casts of the whole in wax were next made^ and an eleo- 
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trotype ooating of copper deposited upon them, and from the copper plates 
60 formed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary *typ3 metal, is more durable^ and ro« 
sists the wear of printing from its surface for a longer period. 
How has the "^^^ improvement effected by electro-metallurgy in engrav- 
dectrotyM ing is very great. When a copper plate is engraved, and im- 

SS^S!^?^* pressions printed off from it, only the first few, called "proof 
impressions," possess the fineness of the engraver's delineation. 
The jdate rapidly wears and becomes detenorated. But by the electrotype 
process, the original plate can at once be multiplied into a great many plates 
as good as itself and an unlimited number of the finest impressions pro- 
cured. 

In tliis way the map plates of the Coast Surrey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced — the original plate being never printed from. 

One of the simplest illustrations of metallic deposit by electro-chemical ac- 
tion is afforded by the following experiment : — ^Fut a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of zinc. No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will bo deposited upon the sil- 
ver, and if it be allowed to remain, tlie part immersed will be completely 
covered with copper, which will adhere so firmly that mere rubbing alone wUl 
not remove it 

How does tie 785. When two metals which are positive 
SSs^^^affJ^t fl-ntl Degativo in their electrical relations to 
their durability? ^g^^j^ other, are brought in contact, a galvanic 
action takes place which promotes chemical change in the 
positive metal, but opposes it in the negative metal. 

Thus, when sheets of zinc and copper immersed in dilute 
trations of this acid touch each other, the zinc oxydizes or rusts more, and the 
principle f copper less rapidly, than without contact. Iron nails, if used 

in fastening copper sheathing to vessels, rust much quicker than when in other 
situations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

mat is gii. What is called galvanized iron, is iron cov- 
vanizedironf ^^^^ entirely, or in part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed in sea-water, rapidly wastes by the 
2teInpt\?jTO- chemical action of the oxygen dissolved in sea- water, but if 
tecttheshenth. j^ \yQ brought in contact with zinc, or some metal that is more 
*>>^wrT^nf electro-positive than itself the zmo vnll undergo a rapid 
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dunge^ «Dd tiie copper win be presenred. Sir Humphrey Dsvj attempted t9 
apply tills principle to the protection of the copper Bheathing of ships, by 
placing at intervals over the copper small strips of sine. The experiment 
was tried, and a piece of zinc as large as a pea was found adequate to pre- 
serve ibrty or filly square inches of copper ; and this wherever it was placed, 
whether at the top^ bottom, or middle of the sheet, or under whatever form 
it was used. The value of the application was, however, neutralized by a 
consequence which had not been foreseen. The protected copper bottom 
vapidly acquired a coating of sea- weeds and shell-flsh, whose friction on the 
water became a serious resistance to the motion of the vessel, and it was dis* 
oovered that tlie bitter, poisonous taste of the copper surface^ when corroded, 
acted in preventing the adhesion of living objects. The principle, however, 
has been applied with success to protect the iron pans used in evaporating 



CHAPTER IVII. 

THBRlfO-BLBOTRICITT. 

What is Ther- 786. If two dissimflar metallic bars be sol- 
™*-****^*5'' dered together, *and heated at the poiot of 
junction, an electric current will circulate through them, 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thus^ if two bars, one of German silver and the other of brassy as repre- 
sented In Fig. 344 (the dark one being the brass), be heated at their junction, 
Fia 344. '^ electric current wiii flow in the direction of the 

arrows from the German silver to the brass. 

Different degrees of temperature, also^ in the same 
metal, will occasion an electric current to flow from 
the colder to the warmer portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. 

How are ther- Thermo- electric batteries of considerable power may be con- 
nonaectric bat- structed by combining together alternate phites of Gennan silver 
JjJjJ^, *»°- and brass, or bismuth and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such a battery, represented by Fig, 
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845, maj be made to develop electricit7 hj besting Fia 345. 

one end of the bundle, or pile of plates. 

Bj binding together two bars of bismuth and 
antimony, an electric current can be proved to circu- 
late with the slightest variation of temperature. 

A series of slender bars of thesa two metals, ar- 
ranged as a thermo-electric battery, is far more sen- 
sitive to heat than the most delicate thermometer ; 
so that the heat radiated fix>m the hand brought near 
to one end of the batteiy is sufficient to excite an appreciable amount of elec- 
tricity. 

Pig. 346 represents the construction <^ such a battery. It consists of thirty* 




Fia. 346. 
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six delicate bars of bismuth and antimony^ 
alternately connected at their extremities 
and packed in a case, the ends of which 
aro removed in the figure to show the 

-=— barsL The area of such a battery is not 

jpi quite one half an inch. A represents a 

1 1 conical reflector, used to concentrate rays 

of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that 
electricity is produced ; the hot liquor baing positive and the cold negative. 
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MAGNETISM. 



wbatiianat- ^87. A NATURAL magnet, Bometimes called 
vniniagiietr ^ loadstone, ia an ore of iron, known as the 
protoxyd of iron, or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

J. g . ,- Natural magnets are by no means rare ; they 

are found in many places in the United States, 

and in Arkansas, especially, an ore of iron pos- 

^^^^^^^^^ t sessing remarkably strong attractive powers is 

^J^^^^^^^^^^^/ ▼eiy abundant 

fK^K^^^^^^^KKr ^be magnetic ore is usually of a dark color, 

inv^^^l^^^^^l vk and possesses but little metallic luster. If a 

'l\ \ I Vi^ piece of this ore be dipped in iron filings^ or 

brought in contact with a number of small 

18* 
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needlofl^ thej will adhere to tiie extremitios of the magnet, as is rqyreae&ted 
in big. 347. 

Cm • mmgnet Wheu a natural magnet is brought near to, 
S^p^^SSf ^' ^^ contact with a piece of soft iron or steel, 
it communicates its attractive properties, and 
renders the iron a magnet. In doing so, it loses none of 
itB original attractive influence. 

What ere Mil- Bars of Itou or steel which by contact with 
Adai magnets? natural magucts, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For all practical purposes^ artificial magnets arc used ia preference to nat- 
ural magnets, and can be made more powerful. 

The attractive force of magnets has received 

ineaniDgofthe the UamO of MAGNETIC FORCE, aod that de- 
force mid nag^ partment of science which treats of magnets 
and their properties is denominated Maq- 

NETISM. 

This designation most not be confounded with Animal Magnetism, a term 
which has been adopted to designfhe a certain influence which one person 
ma/ exercise over another by means of the wilL 

What are the '^^^' ^^^ attractive power of the magnet is 
^leaofamag. not dlffiiscd UQiformly over every part of its 
surface, but resides principally at opposite 
points or extremities of its- surface. These points are 
termed polea. 

Between the regions of greatest attraction, a point may 

be found where the attractive influence wholly disappears. 

Tnien a bar magnet is rolled in iron filings^ the filings attach thomaelves 

to the magnet in the manner represented in Fig. 34S, and in this way dearly 

indicate the -location of the magnetic lorce. 

FiO. 348. 




In a steel magnet, the actual poles, or points of greatest magnetio inten^ty, 
are not exactly at the enda^ but at a distance of about one tenth of an Inch 
from each extremity. 
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In irimt pod- 789. Wheu a magnet is supported in such 
SS'ftSdy"!!^ ^ ^^7 ^s to move freely, it will rest only in 
pendedrest? qjjq position, viz., with Its poles, or extremi- 
ties directed nearly north and south. 

If drawn aside from this position, it will continue to 
vibrate backward and forward, until it again rests in the 
same position. 

What are the ^^® V^^^i ^^ cxtrcmity of the magnet that 
n«{^jj»J»afch constantly points toward the north, is called 
■et? the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
2SJ* MiSify cause it, when suspended freely, to constantly 
or^javfica.ra tum the same part toward the north pole, 
and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

When tea - When a magnet, being free to move, places 
net said to tra- itsclf after deflcction in a nearly north and 

Terse? • 

south line, it is said to traverse. 

The attractive force of the loadstone, or natural magnet, can not be consid- 
ered as of an/ great amount. Native magnets, ia their rude state, will sel- 
dom lilt their own weight, and, with some rare exceptions, their power ia 
limited to a few pounds. 

,^ , ^ 791. When two bodies possessing magnetio 

What is the ^. , - ^ • a i •.!. 

general uw of propcftics are broiight near, or m contact with 
tractions waA cach Other, the like poles will repel, and the 
^^ ^^ unlike attract each other. 

Thus, the north or the south poles of two magnets re* 
pel each other ; but the north pole of the one will attract 
the south pole of the other. ( 

In vh b- *^^^* Magnetism may be excited most read- 
stances may ilv iu iiou and steel. In steel the magnetic 

magnetism he *'.... . . . 

mosteasuyex- property, whcu luduced, remains permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass, 
nickel, and dbbalt may also be rendered magnetic. 
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Beoent inTestigatiiQiifl hsve shown thafc the ioflnence of magnelasm, whii^ 
was onoe supposed to be wholly restricted to iron and its compounds, is alf 
most as pervading and wide-extended as that of electricity. The emerald, 
the ruby, and other predons stones, the oxygen of the air, glass, chalk, bone, 
wood, and many other sabetanoes, are more or less susceptible to magnetio 
influence. This influence^ however, is perceptiUe only by the nicest tests^ 
and under peouUar circumstances. 

, Artificial magnets of iron or steel may be of any required 

are artificial fonn, or of almost any dimensions. For general purposes, 
they are limited to straight bars. 
When a piece of iron not magnetio is brought in contact 
with a common magnet, it will be attracted by either 
pole ; but the most powerful attraction takes place when 
both poles can be applied to the sut&ce of the piece of 
hron at onoe. The magnetic bars are for this purpose 
bent somewhat into the shape of the letter XT, and aro 
termed horse-shoe magnets. 

Several of these are frequently joined together with 
their similar poles in contact; they then constitute a 
compound magnet, and are veiy powerful, either for 
lifling weights or charging other magnets. 
For the purptose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a -f- or with the letter N. 

ifire break an ^^ ^® break a magnet across the middle, 
Stl^hat"^ each fragment becomes converted into a perr- 
«^' feet magnet ; the part which originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bac N S, Fig. 350, be 
brc^en in the onnter, each of the fractured 
ends will exhibit a polar state, as perfect | — 
as the entire magnet; the fractional end s j^ 

becoming a south and n a north pole, al- | 

though at this middle point, where n and 

9 join, no magnetism oould, before the breaking, have been detected. 

If we divide up a magnet to the extreme degree of mechamcal fineness 
possible^ each particle, however small, will be a perfect magnet 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 

Heat weakens the power of a magnet, and a white heat 
destroys it entirely. * 
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wheredoestbe *t9S. The magnetic power of an iron or steel 
STtoSSr^ magnet appears to reside wholly upon the sur- 
■!*«' face, and to circulate about it. 

h^^ Te^SdOT^ To render a bar of steel magnetic, the north 
magnetic? p^^]^ ^f ^ magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
laent with the south pole of the magnet ; tbe bar is thus 
rendered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
iron magneto plc coutact with a maguct, but the effect, as 

before stated, is not permanent. 
May iron be It is uot neccssarv that absolute contact 

fenaered mag'- -iiiii •» -» n » 

netic by indue- sbould take place between a bar of sott iron 

tlon t ■* , 

and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the iDfluence of the former. To this phenomenon the 
name of induction has been given, and the distance through, 
which this effect can take place is called the- magnetic at- 
mosphere. 

P 3-1 '^^'^ ^^ ^ ^^ ^^ ^^ ^^ B, as in Fig. 351, be 

* ' brought near to a magnet, M, whose poles, north and 

^ I south, are indicated by N and S. By induction, the 



"^ ' bar will be rendered magnetic, the end of the bar to- 



ward the north pole of the magnet constituting its 

south pole, and the other end the north pole. 
In fljl cases, whero either pole of a magnet is brought 

near to, or in contact with bodies capable of acquiring 
«V magnetism, the part which is nearest to the pole of 

the magnet acquires a polarity opposite, while the re* 
mote extremity becomes a pole of the same kind ; brace the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet lor the oppo- 
site pole of another. 

Hoir may the '^'^ general effect of magnetization by induction may be 
phenomena of clearly exhibited by bringing a powerful magnet near to a 
So^on be ex- pieoe of soft iron, as a large key, when it will be found that 
hiUtedf the large key wUl support several smaller ones; but as soon 

as the body inducing the magnetic action is remoyed| they all drop oE£, 
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Can tbo earth 
iaiaee magoeU 
ismf 



What are nias. 
tratfoM of 
ma^netixm in- 
ineed b/ tho 
earth P 



Magnetism may be also induced in a bar of 
iron by the action of the earth. 

Most iron bars and rails, as the vertical bars 
of windows, that have stood fir a considerable time in a 
perpendicular position, will be found to be magnetic. 

If we suspend a bar of soft iron sufficiently long in the air, it 
will gradoall/ become magnetic; and although when it is first 
suspended it points indifferently in any direction, it will at 
last point north and south. 
If a bar of iron, such as a kitchen poker, which has been 
found to be derold of magnetism, is placed with one end on the ground, 
slightly uiclined toward tho north, and then struck one smart blow with a 
liamm.ir upon the upper end it will acquire polarity, and ezhibiC the attractive 
and ropeUent properties of a magnet 

Magnetic attraction can bo made to exert 
influence through glass, paper, and solid 
and liquid substances generally which are not 
capable of acquiring magne tier influence in the ordinary 
manner. 

If a horse-shoe magnet be placed under- 
neath a sheet of pi^r which has iron 
filings sprinkled over its surface, the fil- 
ings, upon the approach of the magnet^ 
will arrange themsf lyes in great regularity 
in Imes diverging from the poles of tho 
magnet, in curves, and extending from 
the one pole to tho other, as is repre- 
sented in Fig. 352. The numerous frag^ 
ments oi iron, being rendered magnets by 
induction, have their unlike poles fronting 
each other, and they therefore attract ono 
another, and adho'^ in the durection of their pdarides, forming what are teimed 
magnetic curves. 

If a plate of iron is caused to intervene between the magnet and tho under 
Burfhce of the paper, the magnetic influence is almost entirely cut off. 

Do artificial 794. Magucts, if left to themselves, gradu* 
StS***JroJS! ^lly? ^°d in a space of time varying with the 
***■' hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 



Doen magnetio 
attraction ex- Zt-a 
tend throngh ^*'^ 
other bodies? 
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mat is an n^caws of a soft iron bar called an Armature, 
Armataref represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
gSJ'ml^iStef varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
How does the The law of magnetic attraction and repul- 
B8tteam«X°tt s^^^ ^^ ^^^ ^^^ ^s *^^^ of gravitation ; that 
an^ wpuiBion jg^ thcsc forccs incrcasc in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

Aeeoidl'c to '^^^' "^^^ various phenomena of magnetism haro been ac- 
whattheory^are counted for by supposing that all bodies susceptible of magnet- 
noiSna** ^ac^ ^^""^ ^^ pervaded by a subtle imponderable fluid, which is com- 
ooaat^d for? pound in its nature, and consists of two elements, one called 
the austral, or southern magnetism, and the other the boa>a1, 
or northern magnetiton. £ach of these^ like positive and negative electrici- 
ties^ repel their own kind, and attract the opposite kind. 

Wlien a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two fluids are in oombmation and neutralize each other. 
When a body is magnetic, the fluid which pervades it is decomposed, the austral 
fluid beii^ directed to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magnet, therefore, attracts it powerfully, convert- 
ing it, however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerful magnets. When once effected, however, the 
separation is permanent, and the steel becomes a perfect magnet 

As, aooording to this theory, the act of rendering a body magnetic consists 
simply in decomposing a fluid pervading it, we can easily understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the f<»mer losing any of its magnetic properties. 

What is a 796. The Magnetic Needle (Fig. 353) is 

Magnetio Nee- gimpiy a bar of stccl, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. 
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R& 3S3. Sodi a needle, wben properiy balanced, will be 

obeenred to vibrate more or leas, until it settles in 
such a direction that one of its extremities, or 
poles, points toward the north, and the other to- 
ward the sooth. If the position of the needle bo 
altered or reversed, it will always turn and vibrate 
again until its poles have attained the same direc- 
tion as before. 

It is this remarkable property of a magnetized 
sted bar, of always assuming a definite direcUon, 

that renders the compass of such value to the mariner, the engineer, and the 

traveler. 

^i^i^i ,1 ^ The ordinaiy compass consists of a mag* 

^^**'°>*^' netic needle, or bar balanced upon a pivot, and 
inclosed within a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardinal points of the horizon, north, south, east, west, 
marked upon it. 

Hg. 354 represents the form and constructton of the ordinary, or land com- 
pass. The term compass is derived from the card, which compasses, or in- 
vohcaf as it were^ the whole plane of the horizon. 

Fia. 354. 




In the Sea, or Mariner's Compass, the needle is attadied to 
the under side of the card, in such a way that both traverse 
together — the needle itself being out of sight Upon the 
sur&ce of the card is engraved a radiatmg diagram, dividing 
the whole circle of the horizon into thirty-two parts, called 
points. The compass-box is supported by means of two concentric hoops^ 
called gimbab. These are so placed as to cross each other, and support the 
box immediately in the center of the two ; so that whichever way the vessel 



What is the 
eoTMtrnetionof 
the Sea, or 
Mariner's Com- 
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may roll or lordi, the card is al- 
ways in a horizontal position, 
and is certain to point the tme 
direction of Uie head of the ship. 
Fig. 355 represents the oonstruo- 
tion and monntiDg of the Sea 
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What iaa Dip. '97. If a 

piog Needier gimple bar 
of unmagnetized steel, 
or an ordinary needle 
be suspended from a 
center, instead of being balanced upon a pivot beneath 
it, it will bang horizontally, and manifest no inclination 
to dip from a horizontal line, either 
on one side or the other of the cen- 
ter of suspension. But if the bar, 
or needle, be made a magnet, it 
will no longer lie in a horizontal 
direction, but one pole will incline 
downward and the other upward ; 
the inclination in this latitude to 
the horizon being about 70^ 

Such arrangement is called a 
Dipping Needle. 

Fig. 356. represents the construction and 
appearance jof the dipping needle. 

noeethenug. 798. Although the 

^kJdae"^ magnetic needle is said 

and Boath. ^q point uorth and south, accurate observations 

have shown that it does not point exactly north and south 

except in a few restricted positions upon the earth's surface. 

What is the 799. The direction assumed by a horizontal 

in&siieticinetid* . 

ianf needle in any given place upon the earth's 

surface, is called the magnetjc meridian. 

What Li a ter- '^ terrestrial meridian, it will he rememhered, is a great cir* 
restriai merid- de, supposed to be drawn around the earth, passiug through 
'^^ both poles, and any given place upon its sur&ce, aud inter- 

sectiDg the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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of a needle wbidi would point dne north and wrnth. at any place^ will be 
thetroe^ or lenefitrial meridian of that place. 

What b tii« ^^^ deviation of the needle from the true 
23hmuon"of Jiorth and south, or the angle formed by the 
the needier magnetic meridian and the terrestrial merid- 
ian^ is called the variation, or declination of the needle. 
What are the There are two lines upon the earth's sur- 
ubm^ no va- face, aloug which the needle does not vary, Inifc 
points to the true north and south. The&e 
lines are called the eastern and western lines of no varia- 
tion, and are exceedingly irregular and changeable. 

Ti>eir position is as follows:— The western line of no variation begins in 
latltudo 60% to the west of Hudson's Bay, passes in a sonth direction through 
the American lakes, to the West Indies and the extreme eastern point of 
South America. The eastern lino of no variation begins on the north in the 
White Sea, makes a great semieimilar 8weq> easterly, tmtil it roaches tho 
latitude of 11^; it then passes along the Sea of Japan, and goes westward 
aorass China and Hmdoostan to Bombay ; it then bends east, touches Australia^ 
and goes south. 

In prooeedii^ in either direction, east or west from the lines of no varia^ 
tioD, the dedinatioD of the needle gradually increases, and becomes a max- 
imum at a certain intermediate point between them. On tho west of the 
eastern line the declination is west; on tho east it is east 

At Boston, in the United States, the declination of the needle is cbout 6}^ 

west ; in England it is about 24^ west ; in Greenland, 50o west; at St Petcn- 

burg, 6® west 

Hoir is thA di ^^^' '^^ *^° directive property of tho magnetic needle is 

rectire power observed everywhere in all parts of the world, on all seas, on 

Moountedfor* *^® loftiest summits of mountains, and in the deepest mines, 

it is evident that there must be a magnetic force which acts 

at all points of the earth^s surface, since magnetic needles can no more take 

up a direction of themselves than a body can acquire motion of itself To 

explain these phenomena, the earth itself is considered to bo a great magnet^ 

and the points toward which the magnetic needle constantly turns are called 

the magnetic poles of the earth. These poles, by reason of their attractive 

influence, give to the needle its directive power. 

-- ^. The two poles of the great terrestrial majjnet which aw 

where are the . ..,,.. • , , » , __^ti 

magnetic poles Situated m the vicinity of the poles of the earth's axis, are 

situated t termed respectively the magnetic north pole and the magnetic 

south pole. These contrar/pofes at^act each other, and thus a magnetic 

needle will turn its south pole to the north, and its north pole to the south. 

Hence, what we generally call the north pole of a needle is in reality its 

eouth pole, and its sonth pole is its north pole. 

The exact position o£ the northern magnetio pole is aboat 19^ ftom the north 
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pole of the earth, in the direction of Httdson's Bay. It was viated by Sir J. 
Boss in 1832, in his voyage of Arctio diseovery. The south magnetic pole is 
aitoatedin the antarctic oonunent^ and has been apfutiached within 170 miles. 

If a compass ^^ ^^^ pr4kiary coiiipasa be carried to either 
SS?tothSn*S^: of ^'^^ magnetic poles, it will lose its power 
wm*oSSS?r*"* *^^ P^^^^ iadiffereQtly in any direction. If it 
is carried beyond the m?.gnetic pole, to nny 
point between it and the true pole, the poles of the need la 
become reversed, the end called the north pole pointing to 
the Boutb, and the sou|h to thp portL 

Hoir does the ^^® position assumed by the dipping needle varies in dif- 
positiQn of the ferent latitudes. If it were carried directly to the north mng- 
aippijg needle jj^^j^, ^^i^^ -^ ^^^^ p^j^ ^^^^^ ^^ attracted downward, and 
the needle would stand perfectly upriglii At the south mag- 
netic pole, its position would be exactly reversed.* If the dipping needle be 
taken to the eqnator of the earth, or to a point midway between the north 
and south magnetic polesj it will be attracted equally by both, and will re- 
main perfectly horizontal, or cease to dip at 
ifdl : as we go north or south, however, it dips 
more and more, until at the magnetic poles, 
as before stated, it becomes perpendicular** 
the end which was uppermost at the north 
being the lowest at the sonth.f 

Tig. 357 represcQts the position assumed 
by the magnetic needle in various latitudes 
The magnetic poles of the earth are not 
stationary, but change their position grad* 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afforded some reason for believ- 

* Like the declioatloii and dip, the intensity of the earth's magnetism varies 
very much in different parts of the earth ; at the magnetic equator being the most feeble, 
and gradually increasing as we approach the poles. ThelntensHy of terrestrial magnetism 
In diflbrent places may be measured by the mimber of vibrations made by a magnetic 
needle in a given time. 

t As the directive tendency of the horizontal needle arisesfrom its poles being attracted 
by those of the earth, it is evidfnt from the rotundity of the earth, that its poles will not 
be attracted by those of the earth horiasontally, but downward, so that the needle can not 
tend to be horizontal, except when it is acted upon by both poles equally— that is, when 
mMway between them. When neater the north niagnetic pole than the south, its north 
end must be attracted downward, and the contrary when it is nearest the south pole. 
Accordtnprlr, a needle which was accurately balanced on its support before being mag- 
netized, will no longer balance itself when magnetized, but in this country its north pole 
will appear to dip, or appear to be the heavier end. This circumstance has to be corrected 
in ships* compasses by a small sliding weight attached to the sonthem half, which weight 
has to be removed on approaching the equator, and shifted to the other side of the needle 
when in the northern hemisphere. 
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Ingi thit the points upon the eaith'0 soiftce where the greatest degree of cold 
is experienced, or where the yearij mean of the thermometer is lowest^ 
coincides with the location of the magnetic poles. 

whmt la the ^01. Besido the Tariation from the trae 
£lir^'^*tiK north and south, the magnetic needle is sub- 
■••''•' ject to a diurnal Tariation. This movement, 

or yariation, commences about seven in the morning, when 
the north end of the needle begms to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, when it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual movement) and a move* 
ment different in the winter months from that noticed in the summer montha. 

What Is the ^^^ daily, monthly, and yearly variations 
SSJJSJtoSSi ^^ *^® needle are supposed to be occasioned by 
JJ™^, ^ variations in the temperature of the earth's 
surface, depending upon the changes in the 
position and action of the sun. 

Observations made for a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change, but 
neither the cause or the laws ol this change are as yet understood. 

For most practical operations, as in navigation and sur«- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for diiSerent localities upon the earth's 
surface, may be obtained from tables accurately arranged 
for this purpose. 

The rariatloQ of the magnetio needle from the true north and south, is s«d 
to have been first noticed by Columbus in his first voyage of discovery. It 
was also observed by his sailors, who were alarmed at the fact, and uiged it 
as a reason why he should turn back. 

When wu the ^^^ compass is claimed to have been dis- 
SwSd? ***" covered by the Chinese : it was, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

S03. The resemblance between magnetism and eieetricity is very striking^ 
•nd there are good reasons for believing that both are but modifications of 
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one force* Both are sapposed to oonsiat of two fluids, whidi repel their own 
kind, and attract the opposite. The fluid in both cases is supposed to reside 
upon the sur&ce of bodies; the laws of induction in both are the same ; and 
each can be made to excite or develop the other. 



CHAPTER XIX. 



"What is Eloc- 
too-magBetismf 



ELECT BO -MAGNET IS If. 

803. Magnetism developed through the 
agency of electrical or chemical action^ is 
termed Electro-magnetism. 

^mong the earliest phenomena observed which indicated a connection be* 
tween magnetism and electricity, it was noticed that ships* compasses have 
their directive power impaired by lightning, and that sewing needles are ren- 
dered magnetic by electric discbarges passed through them. 

«*,..«.. In 1820, a discovery was made by Professor Oersted of 

What eflfoct Is ^ , , . , .,,.1.^1. ^ j . ^ ^^ 

produced when Denmark, which established beyond a doubt the conneciion 

dte*5"broaSit ^^ electricity and magnetism. He ascertained that a mag- 
near a eoodnct- netic needle brought near to a wire, through which an electric 
^ *' current was circulating, was compelled to change its natural 

direction, and that the new direction it assumed was determined by its position in 
relation to the wire and to the direction of the current transmitted along the wire. 
Farther experiments developed the following law: — 

inwhat direc- Elcctric currcnts exert a magnetic influence 
S?^enteS2t at right angles with the direction of their flow, 
theirinfluence? qj^^ ^j^g^ ^i^qj ^^jj ^p^^^ ^ magnetic ncedlo 

Fig. 358^ they tend to cause the needle 

-A. to assume a position at right 
angles to the direction of the 
current. 

Thus, suppose an electric current to 
pass on the wire A B, Fig. 358, in the 
direction of the arrow ; suppose a mag- 
netic needle, N S, to be placed directly 
under the wire and pardlol to it By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posl* 
tion and turn round, and if the cotient 
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is sufficiently strong, it will place itddf at rigbt angtei witb tim wire^ as if 
repreSw'Dtod in the figure. 

If (he current, however, had passed in the same direction below the needle^ 
instead of above it as in the first inatanoe, tlie deflection ot the needle would 
have taken place as befori'i but in an opposite direction, the pole S standing 
where the pole N did previously, and N also in the place of S. 

In like manner, if the needle be placed by the side of the wbe, a like effect 
will be produced; on one side it dips down, and on the other it rise sup; and 
in whatever other position the needle may be 
Fia. 359. placed, it will always tend to set itself at right 

angles to the current If the wure be bent in 
the form of a rectangle, as is represented in Fig. 
359, so as to carry the current around the 
needle, above and below it in oj^posite dirco* 
tionsi, the opposite currents, instead of neu- 
tralizing, will assist each other, and the needle 
win move in accordance with the first direction of the ourrent 

If the wire, instead of making a single turn, is bent many times nround the 
needle, the magnetic force excited by the current of electritnty traversing the 
wire, will be greatly increased, the increase being, wltliin oLrtaln liaolts^ pro* 
portional to the number of turns of the wire. 

It is upon this principle that an instrument called the Gal- 
GaiTftoometer. manometer, for measuring the quantity of an electric current^ 
is constructed. It consists of a rectangulaF coil of copper 
Fig 360. ^re, N B Si Fig. 360, contaming about 20 

convolutions, the separate coils being insulat- 
ed by windinjr the wire with silk thread. A 
mat^etic needle, supported on a pivot^ is 
_________^ placed in the center of the coil, and a gradu- 

"^3 LJ ated circle is fixed below it to measure the 

amount of the deflection ; the two ends of the wire connect with two cupB, 
G and Z, which contain mercury, and into which the polos of tlio battery 
transmitting the current dip. 

In this form of the instrument Ficu 301. 

^ultic NMditr ^^® transmitted current is obliged 
to contend vnth the influence of 
the earth's magnetism, wiiich tends to hold the 
needle in its original position, and unless tho 
former is more powerful than tho latter, the 
noedle is not moved. This difficulty has been 
overcome by means of an arrangement called 
the AstcUic Needle. Tliis consists essentially of 
two needles fastened to.^jether, one above tho 
other, but with their poles in opposite direc- 
tions, as is represented in Fig. 361. In this 
way the influence of the earth is almost entirely 
emoyed, and the fiuce of the transmitted current is rendered more effectlTiii 
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l3 what man- 
ner does an 
electric cnrrent 
exert its mag- 
netic force? 



Fig. 362. 



By means of fiie galvanometer, tbo most feeble traces of electridty can bo 
detected; and electric currents which would fail to influence the most. sensi- 
tive gold leaf electrometer can be made to affect perceptibly the magnetic 
needle. GalTanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic force lat- 
erally ; all other forces exerted between two 
points act in the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 
By the application of these facts, it has been discovere<l that rotatory more- 
nicnts can be produced by magnets around conducting wires, and conversely, 
that conductipg wires can be ma^le to rotate around magnets. 

The rotation of the pole of a m£^et around a fixed conducting 
wire may be shown by a piece of apparatus represented by Fig. 
362. A small magnet, K, is fixed to the lower part of a vessel, 
y, by means of a silk thread ; the vessel is filled with mercury 
nearly to the top of the magnet; G-is a conducting wire dipping into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
current is established, by connecting the extremities of the wires 
C and Z with the opposite poles of the battery, the polo N of the 
magnet revolves round the conducting wire 0. If the current is 
descending, that is, if C bo connected with the positive polo of 
the battery, and if N be a north polo, its motion round the wire' will be di- 
rect, that is, in the direction of the haniis of a watch; and 
so on, vice versa. 

A different arrangement, by .which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Fig. 363. A wire, 
A B, is suspended fiK>m the wire C by a loop, and dips into 
tiie mercury in a vessel, V ; when the circuit is established, 
by connecting and N with the respective poles of tho 
battery, the conductmg wire revolves around the pole N 
of the magnet 

If the current be descending, and IT be tho north polo of 
the magnet, the rotation will be direct 

On similar principles^ various kinds of reciprocating and rotatory movanoota 
may be produced. 
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tn wux man- 805. If a piece of soft iron, entirely wanting 
SSUriTrarrrai in magnetism, be placed within a coil of wire 



SL"*lSJg.S! through which an electric current is circnlat. 
**"' ing, it will be rendered intensely magnetic, so 

loDg as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
neefcro-ina^ agcucy of clectricity, are called Electro-mag- 
^^^ nets, and are more powerful than any others, 

wiiat if « The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is called a Helix. 

Fick 364. ^^ ^ usually made of copper wire, coated with 

o o some non-couductiDg substance, such as silk wouul 

■■■■■■■■■A round it The coils of the wire are generally re- 

"^^^3^^^^ peated one over the other, until the size of the helix 

II is sufficient, since the magnetic action of an electric 

11^ current upon a bar of iron increases to a cerfeMn ex* 

^^"^ tent with the number d revolutions it performs about 

it^ Fig. 3C4 represents the appearance of a helix. 

It is necessary for the induction of magnetism in iron 
bars by electricity, that the current should flow at right 
angles to the axis of the bars. 

What deteiw ^^ *^® ^^ ^ steel, the magnetism thus in- 
Sr^S'dJSteS! duced will be permanent ; and the direction in 
"*8°«" which the current moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its south pole. 

When the current drculates in the direction of the hands FiCk 365. 
of a watdi, the north pdo of the bar will be at the farthest 
endoftheheUx. 

If a bar of soft hxm, bent in the form of a horse-shoe mag- 
net, be wound with insulated wire, as is represented hi Fig. 
365, and a current of electridty transmitted through it^ it 
becomes a most powerfhl magnet 

Electro-magnets of this character have been formed capa- 
ble of supporting more than a ton weight The magnetic 
power thus developed is wholly dependent upon the ex- 
istence of the current^ and tha moment it ceases the weights 
fall awaj by the action of gravity. 
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Has electro- 
magnetic force 
been applied 
to any prao- 
tieal purpose 
for propelling 
madUnery? 



Fia. 366. ^^ ^^^ semidrcular rings of soft iron be passed within a 

helical ring, as is represented in Fig. 366, they will become so 
strongly magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron brought near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up into the center of the 
coil, where it remains suspended without contact or vinible 
support, so long as the current continues in action. If the 
battery and helix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of iron 
weighing 80 pounds was raised and suspended in the air with- 
out being in contact with any body. 

806. Many attempts have been made to 
take advantage of the enormous Ibrce gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have fiiiled 

to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 
(he rate at which the power diminishes as we recede from the contact point 
of tho magnets, prevents our obtaining the full force of the magnets. Thus, 
a magnet whose force in contact would be sufficient to raise 250 pounds, 
would exert a force of only 90 pounds at the distance of l-250th of an uich, 
and of only 40 pounds at the distance of 1 -50th of an inch. It is also found 
that notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic body is moved in front of 
cither a permanent or an electro-magnet, it loses power, and this loss increases 
very rapidly with the increase of velocity. This obstacle stopped the prog^ 
ress of the very extensive researches of Professor Jacobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the liber- 
ality of the Russian government 

807. The construction of the Morse mag- 
netic telegraph depends upon the principle, 
that a current of electricity circulating about 
a bar of soft iron temporarily renders it a 

magnet. 

The construction and method of operating the Morse telegraph may bo 
clearly understood by reference to Pig. 367. F and E are pieces of soft iron 
surrounded by coils of wire, which are connected at a and h with wires pro- 
ceeding from a galvanic battery. When a current is transmitted from a bat- 
tery located one, two, or three hundred miles distant, as the case may be, it 
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I along the wires, and throngh the 0008*^ sarronnding tho pieces of soft 
iron, F and E, thereby converting them into magnets. Above these pieces 
of soft iron is a metallic bar, or lever, A, supported m its csnter, and having 
at one end the arm, D, and at the other a small steel pomt, o. A ribbon of 
paper, p \ rolled on the cylinder, B, is drawn slowly and steadily oflf by a 
train of clock-work, K, moved by the action of the weight, P, on the cord, C. 
This clock-work gives motion to two metal rollers, G and H, between which 
the ribbon of paper passes, and which, turning in opposite dh-ections, draw 
the paper from the cylmdor B. The roller H has a groove around its circum- 
f<.rence (not represented in the engravingX above which the paper passea 
The steel pomt o of the lever A is also dkectly opposite this groove. The 
^>ring, r, prevents the point irom resting upon the paper when the telegraph 
is not in operation. 

Fig. 367. 




The manner in which intelligence is communicated by these arrangements 
is as follows : The pieces of soft iron, F and E, being rendered magnetic by 
the passage of a current of electricity transmitted from the battery throngh tho 
coils of wire surrounding them, attract the metal arm D of the lever A. Tho 
end of the lover at D being depressed, the steel point o at the other extremity 
la elevated and caused to press against the paper ribbon and indent it. When 
the current from the battery is broken or interrupted, the pieces of soft iron 
P and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefDre drawn back to its former position by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the curront flow 

* These cons consist of veir fine copper wire, some tbonstinds of feet being gener* 
ally contained in them. In this way a magnet of small size and great power may be 
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round the magnet for a longer or shorter time a dot. or a line is made, and 
the telegraphic alphabet couslsts of a series of such marks.* 

Grovels battery (see Fig. 340) is generally used for working the telegraph, 
about thirty cups being required for a distance of 150 miles. These cups 
may be kept in one compact space, but operate the telegraph more success- 
folly when distributed along the line. Sach batteries will work for about two 
weeks without replenishiog. 

Hoir man Formerly two wires were requu*ed in telegraphing; one 

wires are nee conveyed the current from the battery to the electro-magnet^ 
worflng the '^^ * distance, through which it passed, and tlien returned by 
telegraph? another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 
made to perform the function of the retummg wire. To effect this all that is 
necessary is that one short wire ih>m the battery at one end of a line, and 
firom the electro-magnet at the other end, should be sank mto the moist 

earth, and there connected with a 
mass of conducting metal, from 
which the electricity passes to 
complete the closed circuit 

For interrupting tbo 
current and regulating 
tbe system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fi^. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

* The following table exhibits the signs employed to represent letters in the Horse 
system of telegraphing: 




ALPHABET. 
a 

e — - 
d 

/ 



n 

0- - 

p 

q 

r- -- 
• 

tt 

V 

vt 

a 

y 

z 

dfc- 



NUMERALS 

8 1" 

— L-Z" 



Experienced operators are often able to anderstand the message merely from the sonndi^ 
or dkks^ of the lever. 
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What ifl tha 808. In what is known as the " Bain/' or 
Sr^heiSS.^ chemical telegraph, there is no magnet created, 
telegraph? |^y|. ^ gmall stccl wirc, connccted with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
roller, bus been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em- 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
pri ting tele- differs from the others principally in an ar- 
*" rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

What wM th« 810. The method first proposed for com- 
mettlSr^^pJj! municating intelligence by electricity was by 
J***^' deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a given point we place a galvanic battery, and at a hundred 
miles from it thore is fixed a compass needle, between a wire brought from, 
and aoother returning to the batteiy, the needle will remain true to its polar 
direction so long as the wires are free from the excited battery; but the mo- 
ment connection is made, the needle is thrown at right angles to the direc- 
tion of the current The motion of the needle may thus be made to convey 
intelligence. 

It is necessary, in conveying the wires from pomt to point, to support them 
on the poles by glass or earthen cylinders, in order to insure insolation, 
otherwise the electricity would pass down a damp pole to the earth, and be 

lost 

811. The idea that many persons have, that some substanoe 
dple *o7infia- passes along the telegraphic wires when mtelligenoe is trans- 
ence pass along mitted, is wholly erroneous: the word current as something 
the wires when „ . * i .j i. i. i. *. ^ ^ 

a measAge is fiowiog, expresses a false idea^ but we have no other term to 

oommanicated? ©xpress electrical progression.^ We may, however, gain some 
idea of what really takes place, and of the rature of the influence transmitted, 
bv remembering that the earth and all substances aie reservoirs of electricity; 
and if wp disturb this electricity at any given point, as at Washington, its pulsa- 
tions may be fijlt at New York. Suppose the telegraphic wire a tube extend- 
ing from Washington to New York perfectly filled with water; now, if one 
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drop more is forced into the tube at Washingtoiii a drop mask &I1 out at 
Kew York, bat no drop is caused to pass from Washington to New York. 
Something like this occurs in the transmission of electricity. 

candectridty ^^^' Elcctricity, through ELU elcctro-mag- 
be made to nctic arranoremcnt, can be made available for 

measure time 7 . '^ . /. . i i • 

the measurement of time, and by its agency a 
great number of clocks can be kept in a state of uuiform 
correctness. 

The plan by which this is accomplished is substantially as follows : — ^A bat- 
tery being connected with a principal clock, which is iiself connected by 
means of wires with any number of clocks arranged at a distance from each 
other, has the current regularly and continually broken by the beating of the 
pendulum. This interruption is also experienced by all the clocks included 
in the circuit; and in accordance with this breaking ai.d makmg of contact, 
the indicators or hands of the clock move over the dial at a constantly uniform 
rate. 

813. The fundamental law of action in frictional electricity 
Mttoia of eiwJ ^ *^^ bodies charged with like electricities at rest repel, and 
tricai currents with unlike, attract each other. "With electricity in motion 
oSvt the case is somewhat different, since currents of the same 

electricity moving in the same direction attract each other. 
The general law of this action may be stated as follows : 

What is the ^^ clectric currents flow in wires parallel to 
^^MtiiSiT ^ ^^^^ other, and have freedom of molioo, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like currents attract, and un- 
like repeL 

Hoirmayahe- 814. When the wires connecting the positive 
Sd i^toTma*^ aod negative poles of a galvanic battery in ac- 
netic needier ^j^^ ^rc coilcd in the form of a helix, the helix 
becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
and repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the magnetic needle 
may be imitated by a helix carrying a current 
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What is A - ^^^* From these, and ofter like pbenometta, U. Ampere 
pen}*! theory Uas propounded a theory which accounts for nearly all the 
of magnetism/ p|,enomena of terrestrial maguetism. 

. ne supposes that all magnetic phenomena are the result of the circulation 
of electrical curreuts. Kvery molecule of a magnet is considered to be sur- 
rounded with an atmosphere of electricity, which is constantly circulating 
around it, the ditlerence between a magnet and a mere bar of iron being, tliat 
the electricity which exists equally m the uron, Is at rest, whereas in the mag- 
net it is in motion. The direction of these currents circulating ui a magnet 
is dependent upon the position in which the magnet is held. If the opposite 
or anlilce poles of two magnets be placed end to end, the electric currents of 
each will be found running the same way, and as currents moving m the same 
direction attract each other, the two poles will tend to come together. On 
the contrary, if the ends of like poles be presented, the course of tlie currents 
traversing each will be in opposite directions, and a repulsion will result. 

Why does a A magDetic needle tends to arrange itself 
SSteSd''to°Sl at right angles with a wire transmitting an 
ri^J^to electric current, in order to bring the numer- 
acurreotf ^^^ curreuts circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explained by this theory 
on the same principles. If we take a metal ring and warm 
it at one point only by a spirit-lamp, no electrical effect en- 
sues ; bat if the lamp is moved an electric current runs round 
the ring in the direction the lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its sur&ce. 
They flow round it from east to west in a directton at right angtes with a line 
jqining the magnetic poles. A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 
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parallel to those of the eartli, and 
this is the position, as has just 
been explamed, that electric cur* 
rents tend always to assume. 

Fig. 369 represents an artificial 
globe, surrounded by a coil of in- 
sulated wire, surmounted by a 
magnetic needle. The needle will 
always point to the north pole of 
the globe, on transmitting the bat- 
tery current 

The dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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FlO. 370. 



gions it dips vertically down in order that its cunrnts may be parallel with 
those of the earth ; for in those regions the sun performs his daily motion in 
circles parallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle mamtams a horizontal 
position. 

What is Mag. 816. As an electric current passing round 
neto^eiectricity? ^j^^ extcrior of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet is 
called' Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerful bar magnet within a helix of 
fine insulated wire (soe Fig. 370), the ends of 
which are connected with a delicate galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time tho 
magnet enters or leaves the coil — ^the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet, we continually change the polarity of a 
soft iron bar. Thus, in Fig. 371, let o 6 be a bar 
of soft iron surrounding a helix, and N E S a 
horse-shoe magnet so arranged that it can revolve 
freely on a pivot at c, the poles in their revolution-just passing by the terminal 
tions of the bar a h. On causing the magnet to re- 
volva, the polarity of the bar a 6 will be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity will generate electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given. 

817. Whenever an 
S'uL'Sberr electric current flows 

througha wire it excites another current m an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping the primary current, induction again takes 
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place in the secondary wire ; bnt the current now arising 
has the same direction as the primaiy one. 

The passage of an electrical current^ therefore, develops other currents in 
its neighborhood, which flow in the opposite direction as the primaiy one 
fiiHt acts, but in the same direction as it ceases. Whenever a magnet, also^ 
is moved in the neighborhood of a conducting whre, these corrents are also 
induced. 

818. Magneto-electric machines, arranged for developing 
electricity by the reaction of a magnet, are constructed in a 
great variety of forms. In some, permanent steel magnets are 
used ; in otherst temporaiy soft iron cmes, brought into ac- 
tivity by a galvanic current A common form of magneto- 
electric machine is represented in Fig. 372. 

It confflsts of a compound horse- 
shoe magnet, S^ Fig. 372, bolted 
to a mahogany stand, arranged in 
such a manner that an electro- 
magnet, or armature, A B, mount- 
ed on an axis^ revolves in front of 
its poles, by turning a multiplTing 
wheel, W. This electro-magnet, 
or armature, consists of two cores 
of soft iron wound about with fine 
insulated copper wire. The ends 
of the wire in these coils are kept 
by means of springs, 



Fio. 372. 




against a good conducting metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron cores, or 
axes of the coils are in front of the poles of the magneti they become mag- 
netic by uiduction. This sets in motion the natural electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw^caps. 

If the armature be turned haJf round, the magnetism of the iron is reversed, 
and a second current is excited in the opposite direction. 

By turning the armature veiy rapidly, a constant current 
passes through the wires, and by connecting a small piece of 
platinum wire in the circuit, it is rapidly rendered red hot. 
By conveying connecting wires fh)m the magneto-electric 
machine into acidulated water, its decomposition is efifected; 
and many chemical compounds may in like manner be resolved into their 
ultimate constituents : machines also of this character may be used for electro- 
plating. 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
by the hands, slightly moistened, and the armature is made to revolve rap- 
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idlj, ihe muadea are doeed so firmly, that the handles can not be dropped, 
and most powerful convulsive shocks are sent through the arms and body. 

What tea dia- 819. It has been demonstrated by Professor 
magueticbodyf ]?araday that bodies, not in themselves mag- 
netic, may, when placed under certain physical conditions, 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is suspended free to move in -pm, 373. 

any direction, between the poles, N S, of a magnet, 
Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic dass is placed 
_. _^ . in the same situation— as, for example, a bar of bis- 

JIG. 374. muth— between the poles, N S, Fig. 374, it places it- 

^ B ^ self across, or at right angles to the axial line, or the 

• I ^H line offeree. 
I ^^ Every substance in nature is in one or the other of 
■ these conditions. "It is a carious sight," says Dr. 

Faraday, « to see a piece of wood, or of beef, or an apple, or a bottle of water 
repeUed by a magnet ; or takmg the leaf of a tree, and hanging it np between 
the poles, to observe it taking an equatorial poeition." 
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Abessatiox, ■pberieal, irhat !i, 829 
Abutment, what is an, 120 
AooustlctK 183 

Aooustic figures, irhat are, 189 
Acti lism, what ie, 843, Ui 
Actioa and Ueaetion, 60 

Ulustrations of; 66 
lairs of; 66 
Action, Toltaio, how interrupted and re* 

newed, 4U) 
Adhesloa defined, 89 
what is, 25 
Aeriform bodies, how exert preisare, 174 
Aerolites, coistitution of, 28 J 

what are, '^^83 
Afllnitj defl lei, 25 
Aim, philosophy of taking, 895 
Air, comprdssibility of, loi 

capacity of, for moistore, 268 

eon8tit.ie its of, 16i 

densicy of, 165 

elasticity of, 165 

fresh, how much required for abealtby 

maa,261 
heated, why rises, 261 
bow heated, 218 
in spriag, why chilly, 246 
ia water, 180 
inertia of, 164 
momentum of, 187 

illnstrations of, 1S7 
not necessary for the prodnotlon of 

sound, 191 
weight of, 163 
when rarefied, 166 
when said to be saturated, 263 . 
why unwholesome after liaving been 

respired, 260 
pump, oonstructton of, 1T6, 177 
Alphabet, telegraphic, 436 
Anemometer, 28 S 
Angle, defined, 71 

of iacidenoe and reflection, 71 
Animals foretell changes in weather, 293 
Annealing described, ^7 
Aqueducts, construction of, 134 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what U an, 120 

why stronger than a borlzontal stmet- 
iire,120 
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screw of; 159 
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Architecture, 119 

orders in, 120 

origin of different i^yles 9it 
li9 
Armature of a magnet, 4?3 
Artillery, effective distance of, 77 
Artetdan weUs, lii5 
Astatic needle, what is an, 430 
Atmosphere, composition of, 163 

effect of, on diffusion of llghL 

bow heated, 2''6 
pressure of, 168 
supposed height ot 173 
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Atmospheric electricity, 391 

pressure, effects of, 174, 175 
bow sustained, 179 
refraction, 814 
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bow varies, 25 
• Illustration of simple, 18 
molecular, four Icinds of, 24 
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what is, 17 
Aurora borealis, cause of, 396 

no influence on the weather, 891 
Auroras, not local, 897 

peculiarities ' f,-397 
Avoirdupois weight, 34 
Axis of a body, what is an, 83 
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Balusters, 1?1 

Balance, ordinary, described, 97 

torsion, dSi 

when indicates false weigbti, 98 
Ballast, use of, in vessels, 189 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 183 
Balloon, why arises, 43 
Barlcer's mill, 157 
Barometer, how invented, 169-171 
bow constructed, 171 
aneroid, 172 
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wheeU 171 
bov tndiffatiwi irmthCT t1***pfTj 

bow oaed for measariiig hei^htB, 
lU 
Bfttteriefl, themo-eleetrie, 417 
BaUerr, Dsuieila, 4il7 
nlTMiic, 401 

Crrore*! galvanic, cooBtractioa of, 
4M 
imperfections of, 407 
luminouB effeota of; 410 
8inee*a galvanic, 400 
■olpbate of copper, 406 
/ trough, described, 4u5 

Beam, rectangular, streogUi of, 116 

bent ia the middle, why liaUe to 

break, 119 
or bar, when the strongest, 115 
BeQowa, hydrostatio, 1J» 
Bells, electrical, SS5 
Belts, modoa cominanicated by, 101 
miiards, principles of the game of^ 73 
BlanlLet, utUitv of the nap of; 219 
Blower, use of, )iAi 

Boats, life, how prevented from sinking, 147 
Bodies, form ot, how dependent on beat, %.8 
form of, bow changed by centrifu- 
gal force, 83 
falling, laws of, S5 

force and velocity depend on 
what,M 
lighter than water, spedfie gravity, 

bow determined, 39 
non-lnminons, when rendered visi- 
ble, 301 
when heavy and light, 83 
whan transparent, 294 
when lamiuous, ^04 
when appear white, 301 
when solid, liquid, or gaseoos, 24 
when float in air, 185 
Body, what is a, 11 

when called hot, 206 

size of, how afEects its strength, 115 

when stands most firmly, 60 

when rolls, and when slides down a 

slope, 51 
where will have no weight, 33 
Boiling-point, depends on what, 241 

influence of atmospheric pres- 
sure on, 242 
Bofler-flne, 253 

Boilers, i(tea^^ bow eonstmcied, 266 
essentials of, 257 
locomotive, how constmcted, 258 
Bones of men and animala, why cylindri- 
cal, 113 ^ ^ 
Boxes of a pnmp, 18t 
Breath, why visible in winter, 274 
Breathing, mechanical operation of; 181 
Breezes, land and sea, 284 
Bridge, Britannia tubuUr, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises in the air, 43 
Buckets of wheels, 156 
Building, strength of a, on what depends, 119 
BuUdings, how warmed and ventilated, 260 
Buoyancy, what is, 188 
Burning-glasses, 209 



Calorie, what Is, 206 
Camera obscura, 347 

portable, 860 
Canals, how constructed, 137 

locks in, I'dl 
Cannon bursting by firing, 28 

varieties of, 77 
Capillary Attraction, '^5, 142 

illustrated, 143 
Capstan, coiratruction of, lOO 
Car axles, why liable to break, 28 
Carriage, bigb, liable to be overturned, 60 
Cask, tight, Uquids wiU not flow from, 179 
Catoptrics, HU 
Cellars, cool in summer, warm in winter, 

why, 2i0 
Center of gravity in irregular bodies bow 
found, 48 
when at rest, 46 
in what three wajb sup- 
ported, 47 
Centripetal Force, 79 
Champagne, why sparkles, 181 
Charcoal marks, why stick to a waQ, 25 

why black, 301 
Chemistry, definition of, 9 
ChUdren, why difficult to learn to walk, 63 
Chimney, draught of; 262 

how constructed, 262 
how quickens ascent of hot air, 
203 
Chimneys, when smoke, 262 
Chord in music, 196 
Chain-pump, construction of, 160 
Climate, what is, 267 
Circuit, galvanic, 401 
Clock, common, described, 53 
water, principle of, 151 
Clocks, why go faster iu winter than In sam- 

mer, 60 
Clothing, when warm and when cool, 220 
Clouds, average height of; 274 
cirrus, 2T5 
cumulus, 276 
bow differ Arom fog, 273 
how formed, 274 
nimbus, 277 
stratus, 277 
variety of, 976 
what are, 273 

why appear red at snnset, 337 
why float in the atmosphere, 274 
Coals, mechanical force of, 251 
Coal, equivalent to active power of man, ^1 
Cogs on wheels, 101 
Cohesion defined, 9Si 
Cold, greatest artificial, 211 
natural, 211 
what is, 206 
Color and ronsic, analogy between, 338 
Color, no effect on radiation of beat, 223 

origin of, 326 
Colors, complementary, 331 

dark, absorb any heat, 225 

bow affect their relative appearanoa, 

832 
of natural- objects on what depend, 

■im^ what are, 889 
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Colamn, hetg^t ot, how meamired, 131 

what is a, 121 
Compass, mariner* s, 424 

ordinary, 4*24 

when discovered, 426 
Compressibiiicy, what is, 16 
Concord in music, 11)6 
Condensation, vtiat is, 238 
Conducdoo of tieat, 2i6 
Convection of beat, '^16 
Cordage, strength of, on what depends, 113 
Cork, why floats upon water, 43 
Cornea, what is the, 349 
C iulomb*s torsion balance, 382 
C juiitries destitute of rain, 279 
Coughing, sound of, how produced, 804 
Cranes, wtuit are, 105 
Crauk defined, 110 
Cream, why rises upon milk, 147 
Crying, what is, V05 
Cupping, operation and principle of, 176 
Currents, electric, how exert their influence, 

4i9 
Cylinders, strength of, 118 



Dagaerreotypes, how formed, 846 

Dead p«^nt enlsiaed, 112 

Declination of needle, 4Sti 

Dentdty, what is, 15 

Derrick, what is a, 105 

Dew, circumstances that influence the pro- 
duction of, ^71 
does not faU, 871 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, why globular, 80 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diamagnetism, 441 

DiopUcs, 818 

Direction, line of, 49 

Discord in music, 186 

Distillation, 242 

DiTisibility, 18 

Dovetailing, what is, 117, 118 

Drainage, prindples of, 162 

Draught oi chimnev, 262 

Dresses, black, opUcal effect ot 888 

Drops, prescription of medicine by, unsafe, 
29 

Ductility, what is, 26 

Dust, how we free our dothes of by agita- 
tion, 20 

Dynamometer described, 89 



Ear, coT)st*'nction of, 201, 203 
Earth, bodies upon, why not rush together, 
80 
cause of present form of, 83 
centripetal force at equator of, 88 
how proved to be in motion, 84 
the pnysical features of, how affect 

winds, 283 
the reservoir of deetrtdty, 876 



Earth, telegraphic commmileatlon through, 

Eartb*s attraction, law of, 82 

Ebullition, what is, 241 

Echo, conditions for the production of, 188 

what is, 197 
Echoes, when multiplied, 198 

where most Irequent, 1€8 * 

Egg-shell, applicatiuu of the prindple of the 

arch in, l-.:0 
Elastic bodies, results of collision of, 68 
Elasticity defined, 22 
Eel, electrical, 391 
Electric attraction, 370 

currents, how exert their inflnence, 

429 
fluid non -luminous, 887 
light, 410 
repulsion, 870 
shock, 383 

spaik, duration oty E88 
Electrical Lattery, &84 
induction, b77 
machines, 878 
Eleetridty a source of heat, 212 
atmospheric, b91 
conductors and non-condncton 

of, 273 
Du Fsy's theory of, ?71 
Franklin* R theory of, 271 
effect of on a conductor, 386 
experiments of Franklin with, 

frictional, distinctive character 

of, 407 
galvanic, hov exdted, 401 

how differs f^om ordi- 
nary, 300 
how ciscovered, 3C8 

• quantity of, what is, 

408 
theory of, 402 
iLtensity of, what iSL 

408 
what is, 888 
how evolves heat, 409 
how exdted, 369 
how exerts a magnetic fAree, 431 
influence on the form of bodies, 

876 
kinds of, 870 
magneto, 437, 4S8 
of vital action, 391 
podtive and negative, 27S 
quantity necessary for decompo* 

dtion, 412 
real character of unknown, 403 
secondary currents, 437 
thermo, what is, 416 
velocity of, how determined, 889 
what is, 860 

where reddes in bodies, 876 
Electro-magnetism, 429 

magnets, how formed, 482 
what are, 482 
Electrometer, 881 
Electro-metallurgy, 418 
Electrophorus, 380 
Electroscope, 381 
ElectrotyiAng, 413 
Electrodes, what are, 41S 
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Dumbtf <n^ 11 
BerattoiM, bow determined lij the 

point of water, 248 
Embenkniente, wbjr nada ■fcroagtf •! tbe 

bottom tbaa at tbe top, 18S 
BBdouioie, wbat ia, 140 
EoislQe, fire, oonatruction of^ 188 

■team, i«i-.54 
EogTftTiiw, bow albcted hj dedro-mstal- 

lurgT, 415 
EntabUtare, dfrUow of, m 

wbat ifl, 121 
CqolUbiiam i^idUforeat, 48 

law of, in all menMiWi M 
■table, 43 
vnataUe, 43 
wbat le, 46 
Eqnlnoetial atorm, m 
ETaporation, "USS 

draimata&eea IniliieBan^, S88 
iaflaenee of teraperatai« on, 
S40 
Ezoonoae, wbat ia, 148 
ExpandUUty, what ia, 18 

lUaetratlomi of, 18 
EzpanrioB hj beat, 9-. 8 

bow meanired, 288 
E7e,847 

bow jndgea of rise and diatmiM, 864 
bowmored, 848 
optic axis of, 803 
•troctiire of in man, 848 



Facade of a bondtn^, 1?1 
Far-iigfatednem. caaae of, 8S3 
Feather attracU tbe earth, Zi ^ 

Fibrona enbetanoeB non-eondiietart of ban, 

219 
FUtratfen defined, 19 
Fire, wbat is, 209 

Fitfbea, Rmetnre of fhe bodj of, 154 
Flame, wbat ia, 209 
FlHxiblUt3r,wbatiB,fi8 
Fliea, bow walk npon eeilinga, 1T8 
Floating bodiea, lawa of, 188 
Fluid, electric, 403 
1-liUda, wbat are, 24 
Flj-wbeel, use of, 17 
Foous, wbat is a, 828 
Form of bodiea dependent en beat, 828 
Fordng-pnrap, oonatruction of, 183 
Foree defined, 21 

aecumolation of, 8T 
internal, 22 
m^gnetie, 418 
molecular, 22 
real nature of, 81 
Foreea, great, of nature, 81 
electro-modTe, 401 
Fonntaina, omamentiO, pilndpla of eon- 

atruction of, 185 
Friction, 112 

advantagea of, 118 
bow diminished, 118 
kindaof, 112 
roUing, 112 
Bliding,lt8 



Friction, heat pndoeed by, 814 
FrMshig mixtarea, eompodtlon tft, S^ 
Friese in architecture, l^l 
Froat, origin of, ^i 
Fuel, what ia, 866 
Fnknim defined, 98 
Fora, why need for dothing, 219 
Famaeea, hot-«lr, 854 
bowc 



Galnniim,808 

GalTudo action, bow Inereased, 403 
battery, 401 

beating eflbeta of, 406 
phvaiologleal elEBOts 9l^ 

Galranometer, 430 

Gamut, the, 196 

Oaa, bow diflera Item a Uqnld, 89 

wbat'ia, 23 
Gaaea, how expand by beat, 882 

apecifie grarity, how detennined, 41 
Oaaeona bodies, propertiea of, 23 
Gaaometcra, construction of, 179 
Geara, in wheel work, 101 
Glaas, opera, 865 
Gltiaaea, aun, 200 
Glottis, what is the, 803 
Glue, why adbealve, 86 
Grain weight, origin of, 84 

bearing planta, oonstmetlon of Iha 
■terns of, 118 
Giayitation, attraction of; how Taiiea, 80 
defined, 80 
terreatrial, 88 
Grmvliy, action of, on a ftBIng body, 65 
eenter of, 45 
epeeifie,87 
Green wood, nnprafitaUe to born, 886 
Grtndatoncs, how broken Ij oottriflifil 

force, 80 
Goage, barometer, 859 
Bteam,869 
rain, 277 
Gnn, eaaential propertiea of, 78 
Gunpowder, effoetlT4 limit of the fimaei; 
77 
foroe of 76 
Gnrgle of a bottle eacplaiaed, 180 



naO, wbat ia, 280 

atorme, whire ttoftt l^onl, 281 

Btonea, formation of; 8S1 
Haloa, what are, 886 
Hardneaa. what ia, 26 
Hearing, conditions for diatjn ctnoaa la, 800 

range of human, 208 
Heat, 206 

how diffaaea Itself, 206 

how mnasured, 206 

distinguishing charaeteriatie of; 206 

nature of, 20f 

theory of, 807, 208 

and light, relations between, 808 

devoid of weight) 889 
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Hcftt, ■rafew of, f09 

influence extendi hoiw Ux Into the 



earth, 211 

of chemical action, 819 

greatest artilidal, 219 

derlTed from mochanJcial aotlon, 218 

Utent, 21» 

sensible, 213 

of vital action, 814 

of friction, 214 

eondnctors and non-eondnoton of, 210 

radiation of, 216 

oommnnicatlon of, 216 

eonducting power of bodies, boir di- 
minished, 218 

sood ladiators of, 222 

Dov propagated, 823 

▼elodty of, 228 

how reflected, 224 

rays of, what is meant bj, 824 

absorpdon of, 2 5 

expansion by, 228 

bow transmitted tiirough different 
snbstances, 2^0 

effeetsof, 221 

solar, oomponnd nature of, 227 

force of expanidon of, 229 

expansion o^ practical illustrations 
of, 229 

latent, when rendered sensible, 246 

capacity for, 247 

quantity of, different la all bodies, 247 

specific, '247 
Helix, eonstniotion of, 432 
Horse power defined, 8S 
Houses, haunted, explanation of, 200 
Hnmidity, aboolnte and relatiTO, 268 
Hurricane, what is a, 286 
HttZiicanes, where most flreqnent, 285 
space trayersed by, 866 
▼elodty of; 286 
Hydnnliee, 148 

Hydraidie engines, cause of thelosi of poirer 
in, 168, 169 
ram, construction of; 161, 163 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 128 

Hydrostatic press, eonstruetion ofrt26i 12T 
Hydro-extractor, 80 
Hygrometer, how eonatarueted, 269 



Ice, origin of bubbles in, 882 

heat in, 906 
Images, when distorted in mirroni 803 
Impenetrability, 12 

innitratkmi of, 18 
Inddenoe, angle of, 71 
IncUned plane described, 105 

adrantage gained by, 106 
Induction, magnetic, 421 
Inelastic bodies, results of ooUisIon of; 69 
Inertia, what is, 16 

- iof,lT 
,1T9 



Insects, how produce sound, 205 

Insulation, 874 

Intensity in etodilfiitf, what is, 406 



Iron, galTsnlced, what la, 415 
fiow made hot, 206 
how rendered magnetic by indneHoiv 

421 
■h^ principle of flotation of; 140 • 
soft, bow magnetised, 421 
why stronger than wood, 29 



Ksleidoaeope, eonstructloaof; 807 
Key-note, what is, 201 



Laket, salt, origin of, 124 
Lamp-wick, how raises oil, 145 
Lantern, magic, what is, 867 
Larynx, description of, 203 
Laughing, what is, 205 
Law, physical, definition of a, 10 
Lens, achromatic, 3.8 
axis of, 321 
defined, 319 
focal distance of, 321 
Lenses, ▼arieties of, 819 
Level, spirit, construction of, 137 

what is a, 63 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantage! of; 97 
kinds of, 93 
what are, 93 
Leyden jar, 882 
Light, absorption of, 300 
analvns of, 326 
etalef sonroes of; 294 
oorpusenlar theory of; 998 
divergence of rays of; 296 
elecbio, 410 
good reflectors of, 801 
bow analysed, 826 
how propagated, 296 
how refhwted by tb« ataioaph«nb 

814 
Intensity of, how varies, 297 
interference of, 389 
moves in straight Unea, 885 
polarised, 841 
polarization of, 842 
ray of, what is, 205 - 
rdnraction of, 812 
same quantity not reflected at a& 

angles, 306 
three principles oontslned In, 844 
nndulatory theory of, 298 
velocity of, 298 

how calculated^ 899 
vlbratlonB of, 889 
waves of, 339 
what is, 293 

when totally refleeted, 816 
white, compositiun of, 826 
Lightning, identity of with electricity, 899 
mechanical effects of, 896 
rods, how constmcted, 894 



space protected by, 895 
when dangerous, 835 
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UglitBiBg, TaTtetlMof, aw 

▼hatlfl,89i 
liiM, wrtioal, 08 
liquefAOtioD, what i% 23T 
liquid at rest, oouditloa of the mutuob of a, 
133 
preamre of a ooliulm o^ 128 
what is a, 23 
liqoidBi boiling point how changed, 243 
flowing from a reBenroir, 149 
have DO particular form, 23 
heat conducting power of, 217 
how cooled, 2ri 

more npon each other without fric- 
tion, 1^ 
preMure o^ 120 

iUustrated, 120 
why some froth, 180 
qiedficgraTity how foond, 99 
spheroidal state of, 240 
to what extent expanded by heat, 

229 
transmit pressure in an directions, 

120 
when do they wet a snr&oe, 80 
Loadstone, what is a, 416, 417 
Locks, eanal, how operated, 137 
Locomotive, efficacy depends on what, 29 
Lookin^-s^asses, how formed, 803 



ifai>lifa^^ ^hat is a, 90 
itf«4^hit.ii« diminish force, 90 

do not produce power, 90 

how make additions to hmnaii 

power, 91 
how produce economy of time, 94 
motion in, takes place wlien, 92 
simple, 93 
Machinery, elements of, 98 

general adyantsge of^ 93 
magnetie,438 

when cai^t on a center, 118 
Magdeburg hemispheres, 177 
Magnet, rotation of a, ^1 

when traTerses, 419 
Magnets, artificial, 418 
horse-shoe, 420 
natiTe, 417 

power of artificial, 428 
what are poles of, 418 
Magnetic indoctlon, 421 
meridian, 420 
phenomena, how aoooonted for, 

428 
polarity, 419 

power of a body, where resides, 
421 
MagnetlBm, 417 

animal, what is, 418 
electro, 429 

how excited by eleotrid^, 432 
how indnced by the earth, 422 
why not available for propel- 
ling force, 483 
Magneto-electric machines, 438 



Magnifying guses, 3^ 



Magnitude, 1 



of, 40 



Mslleahmty,whatla,S8 

examples of, 28 

Man, how exerts his greatest strength, 88 
estimated strength of, 88 

MaTlotte*s Uws, what are, 166, 167 

Matter, cause of changes in, 21 
definition of, 11 
essential properties of, 18 
indestructible, 18 
not infinitely diyisible, 13 
smaUest quantity visible to the eye. 

Materials, strength of, 110 

npon what depend, 
110 
Matdng, how protects ot()ects firom ftost, 

272 
Mechanical powers, 93 
Meniscus, 3^0 
Meridian, magnetic, 4S6 

of the earth defined, 86 
Metals, union of, how afiects durability, 410 
Meteors, how difRer Arom shooting stars, 289 
Meteorites, what are, 288 
Meteoric bodies, supposed origin of, 280 

phenomena, 288 
Meteorology, S66 
Mi(»ro8Gope, compound, 361 
solar, 368 
what is a, 860 
Microscopes, varieties of, 861 
Milk, why cream rises upon, 147 
Mirage, 310 
Mirror, plane, how reflects light, 803 

what is a, 302 
Mirrors, burning, 808 
concave, 308 
convex, 311 
parallel, effect of, 306 
varieties of, 302 
MiaslBsippi, does it flow up hill, 108 

quantity of water in, 108 
Mists and fogs, how occasioned, 278 
Moisture in air, how dttenuined, 269 
Moleenle defined, 14 
Momentum, how calculated, 60 
what is, 64 
illustrations of, 64 
Monsoons, theory of, 283 
what are, 883 
Moon, infincmoe of on weather, S91 
Motion, absolute and relative, 68 

accelerated and retarded, 63 
apparent, affected by distance, 809 
circular, illustrations of, 78 
compound, 72 

illustrations, 73 
imparted to a body not instantane* 

ously, 60 
perpetual, in machinery, not possit 

ble,91 
perpetual, in nature, 91 

example of, 91 
refiected, what is, 71 
reversion of by belting, 101 
rdtary. 111 
rectUhiear, 111 
dmple, illustrations of, 78 
uniform and variable, 68 
what IS, 62 
when imperoeptlhle to the eye, 869 
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MortiBe, irhat is a, 118 

Hountidns, height of, how determined by 

the barometer, 173 
Movements, vibratory, nature of, 183 
Hud, wbf flies from wheel of carriage, 79 
Muscular energy, bow excited, 87 
Music, scale in, i96 

notes in, how indicated, IM 
Modcal floonds, lU 



Natural Philosophy, definition of, 9 
Near-sightedness, cause oi; 352 
Igeedle, magnetic, 4i3 

dipping, 4?0 

diurnal variation ot 428 

magnetic, directive power of, 1 
explained, 4 .6 

variations, cause of, 428 
Notes, musical, when i.i unison, 106 
In music, how indicated, 196 



Ooesn, depth of, 123 
' extent of, 123 

Octave in music, 195 
Oersted's discovery, 4^ 
Oils, how diminish friction, 113 
Opaque bodies, 2^4 
Optical instruments, 360 
Optica, medium in, 318 
science of, 892 



Paddles of a steamboat, when most efEset- 

ive, 154 
Paper, blotting, why absorbs ink, 147 
Parabola defined, 74 
Paradox, hydrostatic, 126 
Pendulum, center of oscillation of a, 69 

compensating, 60 

described, 35 

influence of length ou vibration 
of,5d 

length of a, seconds, 61 

times of vibration of, 68 

compared, 68 

used as a standard for measure, 
61 
Perspective, what is, 366 
Photometers, construction of, 898 
Physics, definition o^ 10 
PUaster, what is a, 121 
Pile, in architecture, 120 

Zamboni*s, explained, 404 
PUes, voltaic, 404 
Pipes, rapidity of water discharged ftt>m, 150 

water, requisite strength of, 134 
Piw, leaning tower of, 49 
Pitch, or tone, 196 
Plants, vital action of, 216 
Platform scales, 98 
PUability, what is, 86 
Plumb-Une, 63 
Pneumatics, 163 
Polarity, magnetic, 419 



Poles, magnetic, where situated, 486 

of galvanic battery, what are, 402 

Pop-gun, operation of, lt>7 

Pores, d^fiiied, 14 

evidence of the existence of, 16 

Porority defined, 14 

Porter, wliy froths, 180 

Portico, what is a, l*;!! 

Power, agents of in nature, 87 

and resistance defined, 63 

and weiglit in machinery defined, 93 

exjpended in worlc, how ascertained, 

mechanical efiect cf, how estimated, 

92 
moving, effect ot, how expressed, 89 
space and time, how exchanged for, 
92 
Press, hydrostatic, 127 
Prism defined, 318 
Projectile, what is, 74 
Projectiles, laws of, 74 

range of, 75 
Propellers, advantage over paddle-wheels, 
155 
construction of, 156 
Pugilists, blows of, when most severe, 69 
Pulley defined, 102 
hinds of, 102 
fixed, described, 102 
movable, 103 
Pulleys, advantage of, 104 
Pnmp, air, 177 

chain, 160 
common snc1ion,181 

when invented, 160 
forcing, constmction of, 183 
Vera's. 145 
Pyrometers, 233 



Quantity in electricity, what is, 408 



Radiation of heat proceeds from all bodies, 

823 
Sain, what is, 277 

why falls in drops, 277 
formation of, on what dq[)ends, 277 
gnage, 277 

yearly estimated quantity of, 279 
where most abundant, 278 
Rain-bow, what Is a, 333 
when seen, 835 
why semicircular, 835 
Ram, hydraulic, construction and opention 

of, 161, 162 
Range in gunnery, 75 

greatest, when attained, 76 
Rays of heat, what meant by, 224 
Reflection, angle of, 71 
Reflectors of heat, best, 225 
Refraction, index of, 316 
double, 340 

how accounted for, 81T 
Refrigerators, construction of, 221 
Regulators of steam-engines, 266 
Repulsion, what is, 22 
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Bopulslmi, and atbrnctloii, nuignetle, 419 

Rutiua of the eye, lt4S 

Kijochet firiag, 77 

Kilie, Miai«, cunstraction of. T7 
how algbted, 78 

RiTen, why rartJy Btraigbt, 86 
Yulocity oi; 15i 
wator diMsbarge of, 103 

fioads, iQcllnadoa o^, how eatliiiated, 100 
how ahould be luade, ItW 

Boda, discharging, 880 

Boom, bow beak TenUlated, 864 

Rooms for spealdng, how conatmeted, 201 

Bopo-dandiig, art of,5i 



Safea, fire-proof, how eoostructed, 821 
BaadotoneB, why ill adapted for architeetnral 

parposea, 123 
Saw-dast, utility of in preaerring toe, 820 
Scales, hay and platform described, 98 
Bearfing and interlocking 117 
Scissors, a Tarlety of lerer, 94 
Screw, advantage gained by, 109 
appUeationB of; 109 
deaned, 106 
endless, 110 
Uantei's, 110 
nnt of, 106 
of Archimedes, 159 
thread of; 109 
Berew-Propeller, what Is a, 155 
Sea, proximity to, mikigatea cold, 268 
Shadow, what is a, 896 
Shadows, how inereaae and diminisli. 29T 
Shdl, sea, cause of the soand heard in, 199 
Shl^is, copper sheathlog of, how protected, 
4l6 
iron, why float, 149 
Shooting-stars, how aoconnted for, 290 
Short-sightedness, cause of, S52 
Shot, how manufactured, 30 
Silver, adnlteration of, how detected, 43 
Simmering, what is, 841 
Skull, human, combines the principle of fhe 

arch, ISO 
Smoke, why rises in fhe air, 43 

why ascends in chimney, 801 
rings, oiigin of, 187 
Sneezing; what is, 805 
Suow crystals, 280 

flake, compositioQ of, 280 
how formed, 880 
line of perpetual, 848 
protective influence of against cold,820 
what is, 280 
Soft, when is a body, 26 
Solar microscope, 8<68 
Solid, what is a, 23 
Solids, why easily lifted In water, 139 

specific gravity, how determined, 89 
Solution, what is a, 237 

bow differs from a mixture, 23T 
when saturated, 837 
Sound, eondactors of, 102 

how decreases in Intensity, 193 
how propagated, 190 
Interference of waves of, 194 
loudness of; on what depends, 194 



Sound, reflection of, 19T 
velocity of, 193 
what is, 188 
when communicated most readilv, 

191 
wlien inaudible, 190 
Sonnds, musical, 194 

not heard alike hv all, 203 
seem louder by night than by day, 
191 
Spark, electric, S8S 
Speaking, rooms suitahle for, 801 
Specific gravity, 37 

how discovered, 44 
how found, 38 
standard for estimating, '9 
practical appUcatbns of, 44 
Spectacles, what are, 860 
Spectrum, solar, 326 
Springs, intermitting, 185 

origin of, 136 
Spy-glass, what is, 364 
Stability of bodies depends on what, 48 
Stairs are inclined planes, 107 
Stars, shooting, ?83 

height of, 289 
Sted, how tempered, 27 , 

how magnetized, 421 
Steel-yard described, 97 
Steam, advantages of heating by, 265 
eUistift force of, 849 
superheated, 250 
high pressure, 250 
formed at all temperatoret, 289 
guage, 259 

how rendered nsefbl, 253 
pressure of, how indicated, 260 
true, invisible, 238 
when used expansively, 265 
Steam-boilers, canse of explosion of, 263 
wbisUe, 260 
engine, what is, 251 

condensing, 853 
construction of, 253 
high pre^'8u^e, 851 
regulators of, 855 
greatest amount of work par- 
formed by, 851 
Stethoscope, constrnction of, 193 
8 till, construction of, 843 
Structure, influence of fhe parts on fhe 

stren^hof a. 117 
Stoie for architectural purposes, how se- 
lected, in 
stool, insulating, 880 
Stove, why snaps when heated, 830 
Stoves, how differ from open fire-place, 2(8 
disadvantages of, 264 
why placed near the floor, 261 
Sublimation, what Ic, 243 
Sucker, the common, 175 
Suction, what is, 169 
Sugar, how refined, 843 

how absorbs water. 145 
Sun does not rcully rise and set, 84 
heat of, why greatest at noon, 810 
the greatest natural source of heat, 209 
nature of the surface of; 810 
Surface defined, 18 

spherical, definitton of a, 183 
Syphon, what is a, 184 
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Sfp^on, action of, 1S4 
Syriuge, principle of, 1T6 



TacUe and fall, what is a, 105 
Telesraph, atmospheric, 181 
Baia*8,436 
chemical, 4% 
House's, 436 
Morsels magnetic, 434 
printing, 4S6 
Telegraphic method, the first proposed, 436 

wires, insalation of; 486 

Telescope, equatorial, 863 

reflecring, 366 

refracting, 863 

what is a, 863 

Temperature, average, how fhnnd, 267 

greatest natural trer obserr- 

ed, ^10 
In winter and summer, differ- 
ence between, 210 
meaning of, 200 
▼aries with latitude, 267 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

how graduated, 234 
centigrade, 285 
mercnrial, described, 234 
Reaumur, described, 285 
Thermometer-air, described, 286 
Thermo-electricity, what is, 416 
Thunder, cause of, 393 

storms, where mostprevidl, 894 
Tides, origin of, 32 

Toes, advantage of turning out in walk- 
ing, 50 
Tone in sound, 105 
Tongueing, what is, 117 
Tornadoes, how produced, 287 

what are. 287 
Torpedo, (electrical effects of, 891 
TorriceUrs invention, 169, 170 
Trade winds, cause of, 283 

direction of, 283 
Transparent bodies, 294 
Troy weight, 34 
Trumpet, ear, what is an, 200 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 143 
Twilight, 314 
Twinkling, what is, 838 
Tympanum of the ear, 202 



Tacnum, what is a, 163 
Valve, definition of, 183 

safety, 253 
Variation, lines of, 426 
Vapor, always present in air, 239 

appearance of, 238 
Vapors, elasticity of, 248 

formed at all temperatures, 238 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving bodv, how^ detennined, 

63 
Vena cnntructa, what is the, 160 
VentUatioa, what is, 260 

when per4ect, 260 
Vessels of iiqnid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 168, 189 
Views, dissolving, 868 
Vision, angle of, 864 

deceptions of, 857 

double, how produced, 864 

phenomena of, 847 
Vital action, 214 
Voice, compass of, 200 

how produced, 203 

organs of, 201 
Voltaic piles, 404 
Volume defined, 13 



W 

Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how diffi-rsfrom a cftHdc, 69 
Water as a motive power, 165 
boUed, why flat, 180 
boiling, temperature of, 241 
composition of, 12B 
compressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands in freeaing, 281 
force of expantion of in fireestng, 233 
freezing temperature of, 232 
greatest capacity of all bodies for 

heat, 248 
how high rises in a pump, 183 
how made hot, 221 
illustrations of the pressure of, ISO 
imparts no additional heat after boil- 
ing, 244 
Inclination sufficient to give motion 

to, 152 
level, 136 
power defined, 83 
pressure at different depths, ISl 

how calcuUted, 132 
sound of falling, how produced, 204 
spouts, what are, 287 
supply of towns, 134 
to what degree can be heated, 249 
velocity of in pipes, how retarded, 151 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 123 
Wave, a form, not a thing, 153 
Waves, height of, 153 

optical delusions of, 153 
origin of, 153 
of sound, 190 
Weather, popular opinions concerning, 291 
Wedge, what is a, 106 

when used in the arts, 107 
how tie power of increases, 107 
Weight, absolute, what is, 88 

how determined by spe- 
cific gravity. 42 
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WMght, how 'vmrtes, 89 

of a body, when greatest, 83 
Welghta and meamirea, standards of, 84 
Fron ^b system of, described, 36 
United States standard of, 36 
Welding described, 99 
Well-sveep, old fashioned.lGD 
Wells, Artesian, construction of, 130 

origin of water in, 136 
Wet cloth 3S, why ii^urions, 846 
Wheel and axle, action, of 99 
splnni'ig, 101 

tonrbine, adrantages of, 188 
work, compound, familiar fflnstnk 
^ Uons of, 101 
Wheels, breast, construction of, 157 
cdR 101 
overshot, 15T 
tonrbine, 163 
undershot, 166 
paddle, power lost br, 164 
Whirlwinds, bow produced, 967 
Whistle, steam, 969 



Winch, what is a, 99 

Wind, principal cause of, 281 

what is, 281 
Wind-pipe, what is the, 903 
Windlass dewribed, 100 
Winds, force of, how calculated, 883 
of United States, 885 

trade, 283 

Tariable, where prevail, 284 

▼elodty of, 281 
Wood, a bad conductor of heat, 218 

comparatiTe value of for fuel, 966 

hard, why difficult to ignite, 966 

made wet, why swells, 148 

snapping of, 19 

water in, 265 

weight of, 266 
Woods, when hard and when soft, 965 
Wo^ens, why used for dothing, 919 
Woof of cloth, 117 
Work of different forces, standard of com' 

paring, 88 
Woddng-point in machinery, 99 
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FASQUELLE'S 
FRENCH SERIES. 

By LOUIS FASQUELLE, LLD^ 

Fnifttwr ^ Mod€m Language in IA« VnUatrtU^ tf Mkhigam. 



CHARACTERISTIC FEATITRES. 

1. The plan of this popuUr Series embraces a combinatiot 
of the two rival systems ; the Ora/, adopted by Ollendorff, 
Robertson, Manbsca, and others, with the old Classical, or 
Grammatical System. One of its principal features is a con- 
ttant comparison of the construction of the French and English 
Languages. 

2. Another important fe&ture consists in the facility with 
which the instructor or student can elect in the course of studj 
the practice and theory combined^ or as much or as little of 
either as he deems proper. 

8. The " Course" commences with a complete though short 
treatise on pronunciation, presenting the power of each letter 
as initial, medial, or final, and also its sound when final and 
carried to the next word, in reading or speaking. 

4. The changes in the words are presented in the most simple 
manner, and copiously exemplified by conversational phrases. 

5. The rules of composition, grammatical and idiomatical, 
are introduced gradually, so as not to offer too many difficulties 
at one time. 

6. The verbs are grouped by tenses, and comparisons insti- 
tuted, showing their resemblance or difference of termination 
in the different conjugations. 

7. The second, or theoretical part, offers, in a condensea 
jEdrm, a solution of the principal difficulties of the language. 

8. The Rules are deduced from the best authorities, and illos- 
traded by short extracts from the. best French writers, 

9. A treatise on gender is given, containing rules for determin- 
ing gender by the meaning of words, and also by the termination. 

10. The Irregular, Defective, and Peculiar verbs are pre* 
■ented in an Alphabetical Table^ producing a Complete Duy 
tionarg of these verbsi 
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L FASQUELLE'S FRENCH COURSE: 

OB, MBW MKTIIOD OF LSABIVIMO TUB rKKMCU LAJtOUAGBi 

SewUed aiui emUifged^ 

Embracing both tlic Analytic and Synthetic modcB of In- 
itrncnon. By Locis Fasquellb, LL.D., rrofet^or of Modern 
Languages in the University of Michigan. 

TLii work is on the plan of •* Woodbury's Method ^\\\\ Ocf 
man.** It pursues the same gradual course, and coinprehciida 
the same wide scope of instruction. It is the leading book iv 
the best literary institutions in the United States, and has alaf 
been reprinted in England, where it has an extended sale. 



n. A KEY TO TIIE EXERCISES IN FASQUELLETS 
FRENCU COURSE. 



ra. FASQUELLE'S COLLOQUIAL FRENCH READER. 

Containing Interesting Narratives from the best Frencb. 
writers, for translation into English, accompanied by Conver- 
sational Exercises. With Grammatical References to Fasquelle*a 
New French Method ; explanation of the most difficult paasagesi 
and a copious Vocabulary. 



IV. FASQUELLE'S TfiLfiMAQUE. 

Who. 

Les Aventures de Teleraaque. Par M. Fen^lon. A New 
Edition, with notes. The Text ^ carefully prepared from the 
most approved French Editions. 

Tbe splendid production of Pension is here presented ta t beantifbt meebtaieB. 
IrMs, wilb oopious references to Ka8qileUe*s Gramnuur, lUll notM expUuutory of JUi- 
flulties in tbe text, and a UxU Tocabularj. 



V. NAPOLEON. BY ALEXANDER DUMAS. 

Arranged for the use of Colleges and Schools; with (yonver- 
sationa) Exercises on the plan of Fa«^qnellc*s Colloqnial French 
Reader, Explanatory Notes, and Idiomaticai and Grammatical 
Reierencea to the ** New French Method." Br Louia Fasquslul 
LLJX 
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FASQineXLFS FBEHCH SERIES. 



VL FASQUELLE'S CHEFS D'CEUVRE DE RACINK 

882 Pagetf 12-mo. 

For Colleges and Schools. With Explanatory Notes and 
Grararaatical References to the " New French Method." 

This Edition contains five of Racine's best plays : Les Plai- 
BURS, Andromaque, Ipiiigenie, Esther, and Atiialib. The 
Notes will be found, in all the plays, sufficiently full, without 
being ditfuse ; in Les Plaideurs, the only comedy wnttcn by 
Racine, the explanations, however, are much fuller than the 
others. 



VILFASQUELLFS INTRODUCTORY FRENCH COURSE. 

ISllM. 

A new work, on the plan of the larger ^ Coarse,*' adapted 
to Beginners. 

Vm. FASQUELLFS MANUAL OF FRENCH CONVER- 
SATION. 

12mo. 

A Complete Manual of Conversation, Idioms, etc., with refer* 
ences to Fasguelle's Course. 



Testimonials of Teachers and Professors. 

Fasqnelle's French Series has been recommended by Stats 
Superintendents and Boards of Education, by hundreds of 
distinguished Professors and Teachers, whoso testimonials 

ould fill a volume. The following are specimens : 

Joseph Wm. Jenks, Professor of Lanjruages in the Universi^ 

«f Urbana, O., says: — ** I have tansht many classes in the French laagtiajre, and d 
BOt hesitate to say, that * Fasqiielltf^s French Course* is superior to any other Freno 
Grammar I have met with, for teaching French to th«>s« nrhoae mother-tonKue 
English. It combines, in an a(1mirahle.manner, the excellences of the old, or clossltt 
and the new, or OilendortBan methods, avoiding the faults of both."* 

Messrs. Guillaume H. Talbot, T. A. Pelletier, E. IT. Vian, 

H. Best, and N. B. De Moxtrakciit, well known to the commnnitr as nmong tht 
most eminent teachers in BOSTON, unite In a testimonial in which they " heartily 
and unanimously testify, that the work is held in high esteem and approbation amona 
OS, and that wa consider it the very best heretofore published on the subject of whiefi 
ft treats. For the true interest of all engaged ia ths study of the spoken Frsneh, wt 
vonld adviso its uaiTarsal adoptton." 



PUBUBHBD BT IVI80N, PBIKKET A CO., NEI^ TORS. 
VASQITELLS'S TRENCH 8EEI£S. 



Messieurs M asset and Villeplait, Professors of the French 

Lmgtiure In New York, writ^ .*— ** We consider * KawiTielle's French Course* a vala> 
able ami appropriate addition to the different grammars of the French Languatre. 
The arrangement adopted is systematie, and ao siinplifled as greatly to Cftdlitate the 
progrens of the student.** 

Prof. Alfhonsb Brunner, of Cincinnati, says : — " Having 

been a teacher of my Ternacnlar tongue— the French— for ten years. In mr opinion, it 
li the best book yet pr^Mured. I reeommead it as superior to tke old theoretical 
grammars." 

Prof. J. B. ToRRiCKLLi, of Dartmouth College, writes : — ** I 

U\t pleasnra in recommending to the teacher as well as to the private student, 
* Fa8quelle*s New Method/ as the best yet published. Its adoption in our Colleges 
■ad Seminaries has giToo entire satlsfiiDtioa. Mr. Fasquelle deserves the thanks of 
all lovers of the French language.** 

liev. Charles Collins, D.D,, President of Dickinson College, 

Pa. :— **We have introduced Fasquelle^s French Series with very decided approbation.** 

Prof. Everett, of Bowdoin College, Me.: — "Fasquelle's 

French Course is decidedly the best grammar ever published.** 

Edward North, A.M., Professor of Languages, Harnilton 

CoIIecre, N . T. :— ** Fasqnelle*s French Course I eoatinue to use, and to like. Itia 
worthy of its immense popularity.** 

Rev. George B. Jbwett, late Professor of Modem Lan- 
guages, Amherst College:— "I have examined Fa8qnelle*s French Series with muali 
plisasure and Atisftetion. They form an admirable series.** 

Prof. tCHARLEs GoBELLE, Professor of Modern Languages, 

Kewbunr female Collegiate Institute, VI :— ** I have been using Fasonelle^ French 
Ctiurse dtirinsr the past two years in one of the best schools in New En^and. It JS 
the very bMt book I know of for instruction In the French language.** 

Prof. T. Peyre-Ferry, Teacher of French in the New Jersey 

I^ormal School, Trenton :— ** Fasqnelle^s Course is the best work ever published of the 
Uad. It enables the pupil to acquire a practical knowledge of the French bnguage.** 

Rev. G. W. Quereau, A.M., Principal of Conference Semi- 
nary, Greenwich, R. I. :— ** Fa8quelle*8 Course is our standard text-book in French. 
We use it because we think it best. I speak with some confidence, and am satisfied 
that it is decidedly superior to any other book of the kind.** 

James B. Angell, A.M., Processor of Modern. Languages in 

Brown University, writos :— ** I gladly testliy^to the excellence of Fasquelle*s French 
Course, which 1 have used in my classes for three years.** 

P. N. Legendre, Professor of French, New Haven, Ct., 

•ays : — ** Never has a work come under my notice, that blends so happily and har- 
moniously the great rival elements of the language. My pupils study it with pleasura.** 

E. J, P. WoHRANGE, Professor of Modern Languages in the 

M. Y. Central College, writes:— ***FasqneIle*s Course* is at the same time original 
■ad complete in itself, superseding all systems now in use.** 

The N. Y. Daily Times says : — " Prof. F. is somewhat of 

aa enthusiast as to his method of teaching, and being blessed with as much sense aa 
«<|>erienoe, makes a better arranged text-book, and grades the difllonltles more hap 
plly than any pther modern teacher.** 

The PhUadelphia Daily News speaks of the " Napoleon," as 

** a very concise and interesting French history which, edited at It is by Prof. Fas* 
quelle, can not faii to prove a very popular school-book. The narrative is in Dumas 
most brilliant and attractive style.** 

The N, Y. Independent says of the " Napoleon" : — " It com- 

Mnes the advantages of a stirring biography to invite the student, a good Fraaeh 
t^rle and grammatical and critical ezerdses and annotations.** 
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